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idu gezecallyftoiccded thai. tae views. ün'aptcs wad agilos 
aster] ones oi speech found iu the text-books ot to-day sre of Ὄνος 
αθὶρ Για. uadcestandics an ncb'ai case οἱ tigen Ehe teadoues νι. 
app? exuct by dimeg&rdiag tbe complesiuy ^? the fovtors i w. old 
fas d in meeuw: stary,  i5&ob ραίποης Yain e speech deizun c. 
οἱ κ ο io stretched onthe proormiolean pel of some too ew! 
Seales something eee ‘pped away al oue put, someslire ower 
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gs OrtenrAn AADES c v CHANICAL LARES: | 
ἢ ἦν ow QV 2L κα . x 1 - 
- Ajeguunamatie couet vli so, which ocvor ha, oud never could beve otste | 
nw jb uenvolag «ts Ο.Τ ie booeling ου these schenen 1:0 iib imp them 
eo Vul each case, counsono Abit the: de nbl cna vow. in 40y vay c» 
ihe ;accs they are supposed vu ρίώα. E : E 
T be grounil bas geen x or ke" po án τοι πολι Ον an - iben 
tuat is i) hfucult for v oderu student of aom egy #9 taion kidsel' ' 
hacx vo the sixties. waen the subject s speech defects was virgin soil. 
But a late enne dis-alifac^ ov yuh hbe cui nm dogmas, manife i in 
suci i7revolb a that of Pierre Marie has duvea more hunde 
neuratogists back bo the earlier work on apjesis. Wo bave basne | 
Jor; n aruwa of subtleties, and το, “βιαριιΏρ' to find a new line οἱ 
"üOsmaeo hav: groped aur wa heck to the degiunin,, $ j 
"eghtiugze Jackson wio me of the ast reriarkabté pior.er: itp Be. 
Tioki o πως, ἐς of speech egusec 1 y σος) τα) disesza bct weer 196 ond 
Litto αν peblisned nm ος es μερος οσα cuia snb Zi vd ihiouskout iwe 
‘hole of this uuried be wenld eb "wie jas views to anyone wo viited 
the wards of bhs Nation) ospita , sat even amongst the younger 
rnst bis unhoristic dieta fell apon deat «ars. Until a year ayo, wien 
Arnoid (Pick andicated -“ Due agramminuiecho Sprachstoranger ™ to 
'!"Tughilmgs? eaesson, iue deepess ἔμι νο τω 1europathology cf, ‘the 
“Oa eoncary, πο «one "altem pled io malorsturd his contribution te 
su. «προς Mourier sentious his name along witk those οἵ (ther 
inazashmen who held inose popüinr mews, not knowing how du 
^ HMugnlinss Jackson's eoncepliuns’ agreed wab whose το Mouk.” 
iassbar Pierre Meme Vou Monabow weotions four only of Hugiling s 
Aockson's papers-amongst aver 3.000 which form the ιών ος. ab wu. 
ena oi his ^olvuse on-' Die Lokalisation iu Grosshun,” and there το Ες 
nothing in ihe lext to show thit be has unde-sta-' Jackson's S Ant of 
"16$ or bas recogmzed how completely he styo¢ antside-the ji pulser 
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Aeckson's work Ὃν. Huyhlings Tenison wes 2 mat of such profound 
: v orscual niodesiy ibat he said Tittle setne on the pubticat. 50 of his views. 
wthougy firiaty vonviuesd of thau utility iu er olaniug tne pnenoman 
ot cbecase, ‘Thus most οὔ; lus pap rs ^re ἐῶ be fonad in Jourrats which’ 
ire ant "."ogsible to loreigners, wid many eannot ve consulted even by 
Pacheh verkers except in the great medical ubraries, ο) : 
‘Seoundir, the virle in which they are written makes ther _peenliasly 
dificult to read. He Was so &nüx2us not to ὑπεταίατη, his case that, 
alucsh every page is peppered with oxplunatory'phrasen or footnotes; 
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AUSALINGS FACT SON ON ΑΡΙΑΕΙΑ AnD AREE e SIONS OT δι ΗΤΟ 
i | i : » 
^^ ihe deo genealization can searcely bo di-unguhed from ως 
qualifications. Bnglish studens., accusbomted gu tre duent famby ct 
“his «onlempor&re. tyrncd oway from the’ bris ting dificultac. ci 
Haghlings TJuckwa’s p vers. , i 
Thirdiy, P derived cM hig jreycaolog.esl kucwledge irom 
Herbert ἠροαςη, avd aCopod his pnrasaclogy almost completely. 
du; has tended to ahenaie pe chologisis, «nding thau to the turb- 
anderiviug ios somewhat unzoutb nom»nelutute. fn tbis user oh! 
EGOp as ciosely eg possible to Huenbng: Tacksou’s phraseology, ww: 
shall not translate :5 jTuo mero medem saires" ὑκεορᾶ “a 2 αὈ-στο 
conecotiong wopted from others secu bo-ohscarc vw worcle obse vaio 
ihnalty, ihe nie of the ideas he f cpounded was gon το 5h: 
«ατού views of the day. 7:6 was always accustomed to say thar‘ A 
. gcueraliy takes » wenih twenty-five yous {9 hoc wie known ir medien ο) 
& dictam cerbiaulv iounded on "is personni espericnes. Tach gcseation 
cf hoa s physicians aud vlinirai clerks at the National Hospi passer 
ν΄ onb impressed by fuo beauty of his charactor ond lis 77. Wg-heurto^ 
Blue wy. Some eavriod away wih shem oni or moe r "bros? 
.generaliz&tionc το, vear ius in their subsequent work. "4 tel 
instuncs, LIB doctrine tun “destructive lesions never cans pb: E 
effects, hui rud.tce a negative, condiuop. which perits vosit: vs sytupjon., 
50 apposr." has become one of ‘the uall-marks of &gli:h, n,urclogy 
But πο upd assinuleted his views on defects of speech and applied | 
thea to . Seres of actoal cases of this condition, Wa faitcd to 
appreciate how mmek closé: these ccrceptions would leat 5.3 te tho 
phenomena of aphasia than the aghb generalives fonnded ou fh 
. ungtonicg] facts of cortical localization. 2 
m Afliough tae study of the phenomeua of apbi-ia is one a ους o£ τ΄ 
elucidating the iue;hanism.o£ spenen, i£ is hy, no ueaes the ilv ei c. 
‘Tn 'he iasb tots gears pluloleg iet, ps, chologi 5, ‘Add rco, I 
Vailosophy have steadily preyressed a wiy frc; tho eonecpsigus Cx, «e «et 
peuroingisis, evon 13 rheit masi tuent "onogra, he and tis brotes 
jNeuvology has hecome fioven stifüy ii bhe μιἱρ of Ρατ Λο uela ory à 
* classifications whith milher exp!ane the ουσ αχ nore n seouü (ο 
tha chineal facts. Tore dangers vi such ‘aise class ücuion wee 
ddie Ackeon ‘a 1878; ^ We nash nol," be aad, "vias cn 
L Men ου οἱ anatom“, vhysiofoe end paycholegy, aby avec han 
πο Γασα]ὰ exest!y plua s on a oixed, goneval, and emprrical asthe 13 
exrgens kitchen brrhs, grauinaces and sanbs Ip i15]. 
By an won of iae the advance of baron’ dges iu alei αλα 
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oes σι zd his conceptions will find buáiselé i: 1 £o the diseovery | 
‘al phenomena which will olndc arly other" move theoretical ir ΕΙ 


"He well discover in many cises “thot st is impossivic to say wd. UA 8 “adn ` 
MQ @ cannot spesk ;"foi he can iter a peate or κ΄ ford wbich he 
cannot, enpeat to order, "Eie can «δε bis neme and address, hyi noh 
that of his manther with whom ho lives. He may vuđerstana -afl ^ 
ordiunzy -opauaads to teteh this ji that chyoct, buf told ἡ Lo etose, his 
eyes, opens ‘his mouth, He may pot be able t^ draw: E square op Ἂν 
diiguple. bul draws an elephant -withiout, difientty. Tte “ gotden: vale,” 
upon^ which Dr. Jackson mester- - Put gown ry vh&b the patient doas 
get ab ung avoid all such derma as anaes, &o.,- und ib bean habit. ually 
followed, woula have saved neurolog’s ts from: many pears of wundering 
in the. wilderness. ' TN j 
Jackson's axtilude- was strictly πας "He rover deduced 
hsc "servations from his hypothesis, but- any hypothesis he eiougialed 
ee 'às it. were, ey ; made, bol eye clivical faci. He a ver 
experinnented ov ar ranged à Series | of Àj bservations {ο elucidate a debuit, = 


som: He svood like an ο) server on‘ Edi re foreniating lhe ever’ οἱ 


she flood (rum motter cavtied down by the strean ‘The &ácusonos: une 
“spicity of tne conclusions be dfew irom sone ininwo indesíion owde 
his sluwar-witred conpnnions belio. that πώ had produced ttie mi 
thesis hom his inner oonsciousitess : svie"cun, τα truty, the view. he 
omu^»cià:ed waè the shrect σπἱφογής) of sowe phenomenon osccoreteiv 
obscrved and carried to ε st ἘΝ weal conclusion, , 

He d.d' not choose those odes ; ohiez exbibued the most poríoct 
conditions for experunental obs ervat.on: he would watch a patient πι 
inc theves of delivium tremens ws hr tossed in tae padded room, or 
listen to the l.oghwer οἱ a inan wath ‘psoudo-buibar varalisig, or the 
recurrent aofe.anco οἱ nome. paruly demented aphasic, and τ saco. 
chsevvation Fold spring the munuasus exposition οἱ a punciple. We 
did nob see bow inu.l closer he wae-to the clinical tacts iban those 
who unlked ghbly c! ‘centres’? for poychical piczesses. E 

Ue never failed lo recognize that ibo phenomena of aphasia did. dot. 
stud alone; they iilustidted the sume priucivies aad were governed 
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y ithe sur: Taws as other’ functions of bho ae vous system.  .ibove 
'au, he insisted on the impe: tance et remer;horing bhat dissolution 
,oceurred first in the most highly orgiiózed pruduals of newral ov mental 
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nes anents, or peus tof word. bab ims,akes in v.e as," To ids ciass 
‘ue phenoinena show “fbas speech enfers in proporsion io Me menta 
cetuplestay of she task the priest is asked to povforng Ne ds nel 
"e vrak iss und ΚΝΕ what he wanv. to iiy ;. bot hn usen wine v WOOL: , 
hae Gubenits? m jOLeecuive expan beta byword af tcovtb aad 
πο ard Lis spoech may be csduesd to s iargem.. ‘Tle esten; te 
which all these derel ate manifestod al say moment aspends on (78 
uu C of beo mortal pt scessex- necerswy bo the ει Cea AL catsvlne 
ορ ον Foe bts ας | 
"een he sks “<b tris the degres of mtelige.ce these "hb Dts 
hats ar Canressty cvands himself against auy “ν΄ Charon tank 
ancure and chougbt eafch separately "Die gsestica,’ be sacs, cde 
bob US vos vaeral 1ulad gdaneged ? Lot "hg! speci of ndud το 
fewer ο) E P4 
£7 Sipang ja east affected, esuljdimes soniníng to . conne 
alinaett e, s ' 
JO NV rib ap afem “more or le-s in uearly evo eps οἱ derecho f 
epece: Tow disease of the hemisphere, tenu v. τίου es tuneh as the dofses 
of spoeun ὑπο] dons. “Tadeed writing. and we is y i04 teadma, ^ 
mie suns defect aa another form. Fo: in euh ove save o reprocues 
tet sy unols of the κωδ “Wr ten or panter eru Lois sre Sapir ils 
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rath Fass | πο anvdyto this ess y epn, ΤΕΙ. cetantion fF ar vc ff enaeccdess ’ 
we FEL B oae fügt Lerner bc wrow foc Paay tp. 1]. : 
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ard pins. tary Movements i&. very, striking in some COR ob Swe ο. . 
serra: the deg: ες ol-loss οἱ power to utter worda musi not he Xekeucs1 x 
^o ανα. ja dex of ths di ifference,’ . . 7 Anyone who las wie to tke the: 
ony ] . x 
GLbtnalresegve in many cuses hoe speech is lost οι defective, «gih 
nnd row τους vha Anfore neess in diüerent cases... .΄. A, fow month, 


+ 


ASH patient carie noder my erre whe could ont) say ‘ pooh! pooh!” 
1.8 an examination of ids eyes war almost impractivahl’. He ideft; 
ote Pus he revor did what I told him, whether i6 was io [πο]; τ 

5 particular way or to keep hie éyes still, Tnatead of opeuing ter, 
be opened his pouch or sovewed up his face. or sont bir ey» gate wt 
nio be get to Jook m sny particular diveccion, although he seemert {π΄ 
bem onc abut to acz and was all.the ume doing something with niss τ 
up AT as . . Now ib may be suid that patients do uot. Know whit 
Ye wiih thao to du. But one) patient v Len told t.» look amy τὶ uger 
seenel (o know sai was wanted. for whea-T xus abont to ive n ΠΠ 

1η Gesrah he took bold of iy. little ‘finger, as 1 guessed deyiecating!y, ` 
ind ae nach as to nay he knew what was wanted but go. il ant do: 
m^ lt wilt be ehsseved that a specchicsn patiens Who. conos pub 
woth ol dengue when τοῦ will sometimes accuaily paizhis ngos into 
Ine uca os iL το help to ges i$ oub; and yet nopi requeri wher- 
ac ue hoRd'of crgins him he will lick his dips wier aons ut 
vale, we weru œ phase patients usn _samerally guild, ad all soen > 
Uy IULLC Y proe sses po on well/ enough. I ay qonerally,. for > 
pbh^ cero who uo. Seen may Cases “of defective speech will Le obliged 
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e cen the md ^ severly 
^S e 
Fo: Wl rave n alent recognition of ὑπο variability of response ma y 
ouch earar ot ον ion of speech. This variability and ancertainty® ον 


10 igmay tie ev ue resalb throughoni m serit OF observations is Coe 
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Of course, hemiplegia is not a necessary accompaniment of loss of 
speech. These two symptoms frequently occur together simply because 
the part of the hemisphere in which is the seat of the faculty of 
language, or of articulate language, is near the upper part of the motor 
tract—the corpus striatum; so that, from mere relation of contiguity, 
they often suffer together. What damages one of these parts is very 
likely, at the same time, to damage the other, or afterwards to extend 
to it; or, as I suppose happens in cases of embolism, because both of 
these parts are supplied by branches from one arterial trunk—the 
middle cerebral—so that when the vessel is plugged both lose their 
supply of blood at the same time. But just as hemiplegia (on the right 
or left side) occurs without loss of speech, from the lesion being con- 
fined to the motor tract and not extending to the convolution of lan- 
guage, 80 the converse, loss of speech occurs without hemiplegia, the 
lesion then being confined to the convolution, or convolution of language, 
and not extending to the motor tract. M. Broca has seen three cases 
of traumatic and two of spontaneous aphemia without any paralysis. 
Then, as I have already remarked, we have loss of speech with convul- 
sions on the right side; but to this point I shall refer later. 

Yet the frequent. connexion of loss of speech with hemiplegia is 
striking. A reference to Romberg, Abercrombie, Todd, Forbes Winslow, 
&c., wil show this. Dr. Watson relates one case; Mr. Dunn has 
recorded a very interesting one (Lancet, October 22, and November 2, 
1850). In Dr. Watson’s, and in Mr. Dunn’s case the hemiplegia was 

on the right side. l 
| As I have said, most of my cases are chronic, and I have had no 
decisive autopsy on any one of them. When the middle cerebral artery 
is plugged the patient is often killed by this accident. Sometimes he 
becomes hemiplegic, and, as I believe, in others, subject to unilateral 
epileptiform seizures. Now, of course, I cannot be absolutely certain 
that embolism was the cause of the symptom in the following cases, 
not even in the cases of valvular disease, but I submit that it 16 
almost certain that it was in most of them. 

Syphilis certainly does produce disease of arteries, and thus one of 
the vessels of the brain may have become plugged from coagulation 
of blood on its roughened surface; if of the middle cerebral artery, 
hemiplegia would result. The common way, however, in which syphilis 
produces hemiplegia is by inducing disease on the surface of one 

hemisphere. There must, of course, be some secondary disease in the 
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motor tract as well, but the obvious post-mortem change is disease in 
the pia mater on the surface of the hemisphere. 


* * - * 


[Here follows a description of 88 cases of speech defect associated 
with hemiplegia. The clinical records are short, and do not .add 
materially to our present knowledge. They show conclusively that 
embolism and syphilitic vascular disease affecting the left hemisphere 
may cause loss of speech. Throughout these reports of cases inter- 
jected ‘comments show how many of the author's views on disorders 
of speech were already formed, to be expressed more fully later. The 
longest ‘and most important of these comments, an addendum to 
Case 32, on the nature of “ Swearing,” is here reprinted as the close 
of the paper.] κ 

3 * i * * 

Swearing is, strictly speaking, not a part of language. It is a habit 
which has grown up from the impulse to add the force of passing 
emotions to the expression of ideas. It belongs to the same general 
‘category as loudness of tone and violence of' gesticulation. The 
distinction of these from language as an intellectual act, may be best 
illustrated by the remark Dr. Johnson once made to a boisterous 
antagonist, '' Sir, you raise your voice where you should enforce your 
argument.” Although oaths differ from mere alterations -of tone, in | 
that they consist of articulate words, they are generally used in 
talking, not to, express ideas, but to make up by vigour in delivery 
what is' wanting in precision of expression. They may, indeed, be 
considered as phrases which emotion has filched from the intellect, to 
express itself in more definite terms than it could do by mere violence 
of tone or manner. For oaths had once an intellectual meaning ; they 
expressed ideas, and were uttered with a definite intention. Curses ` 
have, in fact, formed an element in all religious services; but nowadays 
intentional cursing is obsolete ; it has degenerated to meaningless : 
swearing, which, like cadence and gesticulation, is but a kind of 
commentary of the emotions on the propositions of the intellect, 
Vulgar people insert an oath “at the proper intervals of their 
speech," as & sort of detonating comma, and: thus they render forcible 
statements which might otherwise strike their hearers as commonplace. 

Upon this broad principle, too, that ejaculatory expressions are 
prompted by the emotions and not by the will, we may explain the 
expression, *—bless my life!" surprised out of the patient, Mrs. H., by 
a sudden and unusual excitement. It was the more remarkable here, 


» 
HUGHLINGS JACKSON ON APHASIA AND AFFECTIONS OF SPEECH 41 


88 these were the only real words, except " yes" and “no,” the 
patient ever uttered. It is clear that such & phrase is used with the 
same levity as an oath, and without any intention to express the idea 
which the words really imply. It is not used with the intention of 
saying anything. In the instance referred to the expression was excited 
just in the same way as an oath in Case 1. The only word that that 
patient ever uttered during his stay in the hospital, except “ yes," 
which he could utter at any time, was an oath he once brought out 
when he was irritated. The difference of sex will probably account 
for the difference in the form of the ejaculation in the two cases. Even 
words so simple as “ Oh dear! oh dear!" when used in anger or 
 vexation, belong to the same category, for then these words, like an 
oath, are used rather as the clothing of the feeling than for the 
expression of an idea. I submit, then, that oaths and similar inter- 
jectional expressions, are not parts of speech in the broad sense in 
which the words that form them are, when used to convey intellectual 
propositions. _ : 

Perhaps the explanation of the way in which these phrases are, so 
to speak manufactured is that they are reflex. Indeed, although very 
rudimentary mental processes, they seem to me to illustrate the doctrines 
of Professor Laycock on the reflex function of the brain, and especially 
illustrate his views. It is quite obvious that they are not voluntary, 
as the patients cannot repeat the phrases. The will cannot act, but, 
. somehow, an emotion, e.g., anger, gets the words passed through the 
convolution of language. Just as a paralysed foot will jump up when 
the sole is tickled, so these words start out when the mind is excited. 
Such ejaculations as I have mentioned would have become easy of 
elaboration by long habit, and would require but slight stimulus for 
perfect execution. 

The following instance seems to belong to the same category, 
although the action was a less fine one, and the stimulus more coarse 
_ and definite. 

Some years ago, I was on an omnibus, and we were kept some time, 
as one of the horses would not start. Various plans were tried to 
overcome its stupidity, but without success. At last the driver directed 
the conductor to shut the door violently (this is a usual signal for 
starting). To my great surprise, the horse went on at once. The 
horse would not exercise his will to move; the patients could not 
exercise theirs to talk. But the movement required was surprised 
out of the unwilling horse by a noise to which he was accustomed 
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‘to hear in starting. So the anger or surprise being the stimulus 
under which they had been uttered when the will was sound, gave 
rise to ejaculations in the patients whose voluntary power to talk was 
lost. , ` | 

I have a patient, the subject of chorea, who, for several years, has. 
been in the habit of saying, quite involuntarily, the word “bloody.” 
` A few years &go, he was frightened by a man shouting the word after 
him. The fright produced chorea, and, if I may use such & term, 
chorea of his mind, too; as, for three days, he said the word “ bloody," 
and little else; and now hé ejaculates it occasionally. The mental 
process for saying that word is as little under his control as a few 
of the muscles of his face are, for the twitching of which he is now 
attending at the London Hospital. ` 


CLINICAL REMARKS ON EMOTIONAL AND INTELLECTUAL 
LANGUAGE IN SOME CASES OF DISEASE OF THE 
NERVOUS SYSTEM. 

|The Lancet, February 17, 1886, vol. i, p. 174.] 


DEVELOPMENT OF THE DIFFERENCE BETWEEN EMOTIONAL AND 
INTELLECTUAL EXPRESSION. 


AT a recent visit to the London Hospital, Dr. Hughlings Jackson 
pointed out to us the case of a man who had lost speech, and who was 
paralysed on the right side. We have already given a résumé of 
Dr. Jackson’s views on cases of this kind (Lancet, November 26, 
1864); and now we speak on different aspects of the same subject 
as illustrated by cases under his care at the London Hospital and at 
the National Hospital for Epilepsy and Paralysis. 

The patient we saw could only say the word “ dick,” and this word 
he uttered whenéver we asked him a question. We were told that 
when the man was vexed by the other patients in his ward he would 
swear. He generally used the common explosive sound so much 
in favour with Enghsh swearers. He could not, however, say the 
word when required to do so, even whilst it was well kept before his 
mind by frequent repetition. He seemed to make efforts to say it, but 
the word “dick ” always came out instead. The oath was only uttered 
under the influence of emotion, and could never be repeated at will. 
Oaths—that is, as they are vulgarly used—are little better than more 
or less highly compound interjections. It is not safe, then, to conclude 
that a patient who has lost speech is regaining power of language 
because he begins to swear when he is excited. By such words no 
part of & proposition can be conveyed; that is, they add nothing to 
precision of expression in delivering an idea, although they may help 
the speaker to show states of feeling, and thus to excite sympathy. 
Where no proposition is conveyed, there is no intellectual language. 
It is true that some oaths, considering the mere arrangement of the 
words, are in the form of a proposition ; but they are used without any 
thought as to their real meaning. . They are, in effect, but signs 
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of states of feeling, like interjections, and do not help.an affirmati 
or & denial of any quality about anything. The utterance of su 
interjections as "ah!" “oh!” is certainly no proof that the patie 
has any power of language in’ the sense of being able to convey : 
intellectual proposition. The.same remark applies to any real wor 
which the patient utters without being able to use them, and evident 
to the fragmentary jargon some speechless patients utter so copious. 
A patient who had been under Dr. Jackson's care at the Hospii 
for Epilepsy and Paralysis, and who is still under his observation, c: 
utter such words as “Ιου, “deabh,” “πιο. It would be safer 
call these fragments “sounds " rather than words, as they are but ra 
and tatters of talk. They are certainly not what are properly call 
" parts of speech," and are of no use whatever to this patient in the w 
of conveying any intellectual meaning. She can utter the wor 
“yes” and “no,” but can hardly be said to use them, so that even the 
are scarcely words to her. Dr. Jackson said that he could never satis 
himself that she had any power of conveying @ proposition, eith 
by words or even by more simple signs than the conventional soun 
of spoken words.. Latham says, “‘ Without propositions there are : 
questions, commands, or  declarations;. and without  questior 
‘commands, or declarations, there would scarcely: be such a thi 
as language. The little there would be would consist merely 
exclamations like ‘oh!’ ‘ah!’ ‘pish!’” Max Müller says, “ Langua 
begins where interjections end." And even if language may ha 
arisen from interjections, according to the theory which Max Müller ca 
the Pooh-Pooh Theory—and which theory -he tries to disprove 
interjections are not, in the present developed state of language, paa 
of speech in the sense that nouns or names are. “It. is in names 
‘says Hegel (quoted ‘by Max Müller), “that we think." If so, it 
in names only that we can speak. But, although interjections a 
analogous sounds are not parts of intellectual language, they a 
important. parts of the framework of emotional language, and th 
help the proposition in a subordinate way. 

Here Dr. Jackson referred to Mr. Herbert Spencer's essay, “ ΤΊ 
Origin and Function of Music," to which essay he was, he sai 
indebted for anything of value he might have arrived at as regards tj 
‘distinctness of intellectual and emotional language, and their relatio: 
to one another. The following quotation gives but an incomplete 1d 
of Mr. Spencer’s views, but it will serve our present purpose: “£ 
speech is compounded of two elements, the words and the ton 
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in which they are uttered—the signs of ideas and the signs of feelings. 
While certain articulations express the thought, certain vocal sounds 
express the more or less of pain or pleasure which the thought gives. 
Using the word cadence in an unusually entended sense, as comprehend- 
ing all modifications of voice, we may say that cadence is the commentary 
of the emotions on the propositions of the intellect.” 

The jargon the poor woman could utter, although of no use 
in conveying her ideas, helped her to show her varying states of 
feeling. Indeed, in this instance, intellectual language was nearly, 
if not entirely wanting, whilst emotional language was quite perfect: 
moreover, in this instance, the: latter was highly developed. She could 
easily show that she was pleased or vexed: but the cause of her 


` pleasure or vexation could only be guessed at. 


When excited she could vary her tones in the most remarkable way, 
and would say “ah! ah! me! me!" in the most violent, or at times in 
the most plaintive, manner. ‘It may be just remarked, in passing, that 
her emotional expression was in great part natural to her, and was not 
of that sort one so often sees in cases of softening and of extensive brain 
disease generally. She had always, her husband said, been excitable 
and fond of excitement. She would, before her illness, ai any time get 
up in the night to go out to a fire. 

Now it will be observed that some speechless patients can sing. 
Dr. Jackson did not allude to this fact in order to show that voice was 
unaffected when speech was affected, as, so far as he knew, there was no 
a priori reason to expect that voice would be lost when speech was lost. 
The distinctness of voice from articulation 1s well recognized, and with 
loss or defect of speech from disease of the hemisphere, aphonia never 
occurs, 80 far as Dr. Jackson has observed. The difficulty of articulation 
from paralysis of the tongue and palate which occurs with aphonia 
from paralysis of the vocal cords clearly depends on disease in the 
medulla oblongata, and is quite a different thing. It is only mentioned 
here in order that it may be expressly excluded. It is needless to say 
that deaf-mutism is a kind of loss of power to talk which is not 
considered in these remarks. - 

There is now attending at the Hospital for Epilepsy and Paralysis 
a boy suffering from epilepsy, aged 3, who can only say the words 

“mam, mam," and “dad, dad." It was evident from his general 
conduct that the boy’s mental condition was much below par. Dr. 
Jackson remarked this to the child’s mother, as it was very desirable 
that the real state of things should be recognized in order that the 
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child might have proper training The poor mother said eagerly in 
reply, “ But he has such a wonderful idea of music.” She averred that 
he could soon learn to hum any tune he heard his father play on his 
flute. He would, however, never hum a tune when he was told to do 
so, nor, indeed, would he do as he was bid at any time, partly from 
inability, but also from wilfulness. Dr. Jackson has also seen another 
boy who had had loss of speech after attacks of epilepsy or epileptiform 
convulsions, and who it was said could sing, although he could not talk. 
As, however, in neither of these instances had he heard the child sing, 
he would again take the woman’s case as an illustration. She could 
sing, and readily sang a song her husband told her to sing “ about 
Boney party," using the sounds ''lor," ''deah," “me,” instead of 
words. She varied her voice properly. 

Still, having reference to Spencer’s views, it seems, Dr. Jackson 
said, that we may conclude that our muscles may be used in two kinds 
of language, one intellectual and the other emotional. But the muscles 
may, in some cases of disease of the hemisphere, be readily put in action 
for most purposes, when they cannot be used to make signs by words or 
by pantomime. Although this woman's vocal and articulatory muscles 
are quite unimpaired, so that she can smile, langh, chew, eat, drink, 
swallow, cough, sing, &c., she cannot repeat words said to her, and 
cannot in any way—putting words out of the question—make signs by 
her lips, Νο Again, although she can gesticulate, and does so frequently, 
she cannot make signs with her hands, or at the most only with very 
great difficulty. The following extract from Dr. Jackson's notes gives 
a good illustration of how well she can use her muscles in varying 
emotional conditions. It ought to have been mentioned that this 
patient had had hemiplegia of the right side at the date of the first 
attack several years ago. From this, however, she soon recovered. 

* In order to develop her gabble, her husband said: ‘Go and talk to 
that bird.’ She went to the cage, which was hanging from the ceiling 
in one corner of the room, and, standing up, cried- ‘Ah! ah! O deah! 
deah! deah! Pittymy, pittimy. Lor, lor, lor,’ &c. She seemed quite 
delighted with her task, and varied her voice wonderfully, uttering one 
set of the gabble in one tone, and the others in other tones. At the 
same time she gesticulated incessantly, throwing her arms up and down, 
seeming to accompany her voice with a sort of dance of the arms.” 

These rhythmical movements are of rmportance -n their relations to 
cadence. Spencer says: “ A smile, which is the commonest expression 
of gratified feeling, is a contraction of certain facial muscles; and, when 
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the smile broadens into a laugh we see & more violent and more general 
muscular excitement produced by intenser gratification. Rubbing 
together of the hands, and that other motion which Dickens somewhere 
describes as ‘washing with impalpable soap ‘in invisible water,’ have 
like implications. (Was it not Hood who said ‘ washing his hands with 
invisible soap in imperceptible water?’) Children may often be seen 
to ‘jump for joy.’ Even in adults of excitable temperament an action 
approaching to it is sometimes witnessed. And dancing has all the 
world through been regarded as natural to an elevated state of mind.” 

The woman would dance when a barrel organ was played in front of 
her house. Thus, then, she could use her laryngeal muscles not only to 
utter single sounds like “ah! oh!” but also in the complex process of . 
singing. Again, she could not only use her hands in simple gesticula- 
tions, but could use her legs in the more cultivated movements of 
dancing. 

There was no reason to suspect that this patient was hysterical. 
Dr. Jackson said he had no reasonable doubt that there was disease 
of the convolutions near the left corpus striatum. Perhaps the corpus 
striatum was itself somewhat involved, but, not very much, as the 
hemiplegia had been but transitory. 


- 


NOTES ON THE PHYSIOLOGY AND PATHOLOGY OF 
LANGUAGE. 


[Medical Times and Gazette, June 28, 1866, vol. i, p. 659.] 


REMARKS ON THOSE Cases oF DISEASE OF THE NERVOUS SYSTEM, 
IN WHICH DEFECT oF EXPRESSION IS THE Mosr STRIKING 
SYMPTOM. ᾿ 


THERE are two modes of expression, one emotional and 4h shee 
intellectual. By one we show what we feel, and by the other we tell 
what we think. We may show that we are surprised, angry, grieved, 
or astonished by the former, but by the latter we give to another by. 
signs (generally words) a notion of our thoughts on things. Now, in 
some cases of disease of the homisphere (always, in my experience 


' . near to and involving the left corpus striatum), intellectual expression 


is wanting, and emotional expressior. is well preserved. But we may 
make the statement broader still, at least in some cases. ‘In some: 
cases of defect of speech the patient seems to have lost much of his 
power to do anything he is told to do, even with those muscles that 
are not paralysed. Thus a patient will be unable to put out his 
tongue when we ask him, although he will use ıt well in semi- 
involuntary actions, e.g., eating and swallowing. He will not make ` 
the particular grimace he is told to do, even when we make one for’ i 
him to imitate. There is power in his muscles and in the centres for 
the co-ordination of muscular groups, but he, the whole man, or the 
‘will,’ cannot set them a-going. Such # patient may do a thing ΄ 
well at one time and not at another. In a few cases the patients 
do not do things so simple as moving the hand (i.e., the non-paralysed 
hand) when they are told. This sort of difficulty generally, however, 
clears up long before power to talk returns. There is in health a great 
difference in the power individuals have to do things they are told to do, 
e.g., to draw in their breath. 

I wish here to urge on students who are studying cases in whiole . 
defects of expression are the most striking symptoms, to work at them 
from healthy language and through slight defects down to total inability 
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to express anything in any way. Again, we must think of them as 
defects of mind, as well as of that part or phase of mind which enables 
us to think aloud in words. And we must never forget that in disease 
of the hemisphere we may have now and then, besides mental 
symptoms, amaurosis, epileptiform seizures, bilious vomiting, retracted 
belly, congestion of the lungs, constipation, and irregular pulse; for 
the brain is not only the “ organ of mind,” but it is the nervous system 
of the nervous system. It need scarcely be said that words, especially 
such as “ mind,” “ sensory,” “ motor," &c., fetter our thoughts as well 
as define them. . 

Although: the difference in the execution of voluntary and in- 
voluntary movements is very striking in some cases of loss of speech, 
the degree of loss of power to utter words must not be taken as a 
certain index of this difference. The difference probably depends on 
the difference in quantity of brain damaged near to (as well as in the 
exact relation of the part damaged to) the highest part of the motor 
tract, the point of emission of the orders of the “will” to muscles 
and to centres for muscular groups. Anyone who has tried to use 
the ophthalmoscope, in many cases where speech is lost or defective, 
will find how great the difference is in different cases. Thus one of 
my patients in the London Hospital had power only to say “ yes” and 
“no,” and yet the examination of his eyes was an easy matter. He 
has since rapidly recovered, and soon regained power to make signs 
for what he wanted. He had lost power to execute, not all move- 
ments, but those movements which are most artificial. Dogberry 
believed that reading and writing (and doubtless talking, although he 
did not say so) came by nature, but I suppose everybody else believes 
they .are acquired by education. This patient cannot write, but he 
can copy correctly from a book with his left hand. 

A few months ago a patient came under my care who could 
only say “pooh! pooh!” and an examination of his eyes was almost 
impracticable. He made efforts, but he never did what I told him, 
whether it was to look in 8 particular way or to keep his eyes still. 
Instead of opening them, he opened his mouth, or screwed up his face, 
or shut his eye, and could not be got to look in any particular direction, 
although he seemed to be on the alert to act, and was all the time 
doing something with his muscles. In this case I have little doubt 
that more of the brain was affected, and more of the corpus striatum 
than in the other patient. This patient is almost as bad now as he 


was six months ago, and still never does anything I ask him to do. 
BRAIN.-YOL, XXXYHI. B 4 
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In a third patient who (and who, by the way, is hemiplegic on the 
left side, and now has much recovered speech) was unable to talk, the 
ophthalmoscopical examination was at first almost impracticable. Now, 
1t may be said that the patients do nct know what we wish them to 
do. But the last-mentioned patient, when told to “look at my finger," 
seemed to know what was wanted, for when I was about to give up 
in despair, he took hold of my little finger as I guessed, deprecatingly, 
and as much as to say he knew what was wanted, but could not 
do it. There can, however, be no certainty in this instance. It may 
be my fancy. But it will be observed that & speechless patient who 
cannot put out his tongue when told will sometimes actually put his 
fingers in his mouth as if to help to get it out, and yet not infrequently 
when we are tired of urging him, he will lick his lips with it. Now, 
as à rule, the worst of these patients can generally smile, and all such 
involuntary processes go on well enough. I say generally, for a physi- 
cian who has seen many cases of defective speech will be obliged to 
use such words as " generally." I can call to mind but one speechless 
patient who did not become able to smile; but this patient (now under 
my care) never does anything but look about him, and eat and drink, 
and utter the word “yes” when anything 1s said to him. He will, 
however, cry "Oh!" and grin when his rigid (right) paralysed arm 
is extended. He takes his food when it is put near him; but when 
the nurse (at my request) “forgets” to give him his breakfast, he 
never makes any signs for it, although he follows her about with his 
eyes. He will, however, I have little doubt, begin to smile soon. He 
has only been il & month. These patients can do things which 
require scarcely any, if any, education to do, or for which, in other 


words, the centres exist ready to co-ordinate muscles. It would seem- 


that the centres for the emotional and the sem1-yoluntary and involun- 
tary actions are in the pons, medulla oblongata, and spinal cord, but 
where the power is that sets them a-going is not clear. 

There are plenty of facts to show that in disease of the corpus 
striatum those muscles less under the control of the “will” escape, and 
that through this, the highest part of the motor tract, we are able to 
direct our limbs voluntanly. The views of Mr. Dunn on the relation 
of defects of speech’ to disease of the corpus striatum are, I think, of 
great value in this connexion. Again, there is no more difficulty in 
supposing that there are convolutions near the corpus striatum for super- 
intending those delicate movements of the hands which are under the 
immediate control of the mind than that there is one, as Broca sug- 
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gests, for movements of the tongue in purely mental operations. The 
phenomena of chorea, I believe, point:to this conclusion. 

I must here say that I believe less in some of the views propounded 
by Broca than I did, although I think the scientific world is under vast 
obligation to him for giving precision {ο an important inquiry. Yet I 
cannot but think that my disagreement with M. Broca, as well as many 
of the differences of opinion on this subject, are to a great extent due 
to different ways of putting the same thing. (See quotation from 
M. Broca’s pamphlet.) Indeed, I think the evidence I have collected 
goes to confirm many of his statements as to facts, but I have for some 

_ time ceased to go with him in a few of his inferences. (See [1].) 
I think, then, that the so-called “faculty” of language has no 
existence, and that disease near the corpus striatum produces defect 
of expression (by words, writing, signs, &c.), to a great extent, be- 
cause this is the way out from the hemisphere to organs which 
the will can set in motion. Hence, as I believe, disease of the convolu- 
tions near the corpus striatum is the cause of chorea, which, as regards 
the limbs, is not so much a disorder of mere motion as disorder of those 
movements which are voluntary and educated, or at least co-ordinated. 

On the education of voluntary movements Bain has some most 
valuable remarks, and with reference to his views.1t is not unimportant 
to draw attention to the fact that chorea is a rare disease either before 
these movements have been learned or after they have been fully 
acquired. Umilateral epilepsy seems to replace, and sometimes, I think, 
to displace, chorea, and both run into actual hemiplegia occasionally. 

80 much for the superficial distinctions as regards the nature of 
(and seat of the centres for) voluntary and involuntary motion, and now 
for the resemblances of the two. 

It may seem to be a wilful contradiction, but we find that a patient 
‘does things involuntarily which he cannot do voluntarily. At all events, 
these so-called speechless patients give utterance not merely to words, 
but to words in a relation which gives them at least the appearance of 
language. I have elsewhere spoken of swearing and of other simular 
ejaculatory sentences. These seem to border on emotional actions, or, 
as I have already put it metaphorically, “oaths ave phrases which 
emotion has filched from the intellect to express itself in & more definite 
way than ıt could do by mere loudness of tone or manner." We scarcely 
say anything when we swear, although we utter words in relation. The 

* secret of the perfect utterance of these phrases, which in “speechless ” 
patients are obviously not voluntary, is they are easily elaborated by long 
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habit, and can thus be brought out by a slight stimulus. Such facts 
seem to me to be of great importance as illustrating Laycock’s doctrine 
on the reflex function of the brain.  ndeed, the study of swearing, in 
spite of the nastiness of this habit, is one of the very greatest interest 
and importance, in our attempts to trace the graduations of motion, . 
thought, and language. 

But I now wish to speak of utterances which are, perhaps, of the 
same category as the others, but which seem to be rather expressions of 
the whole mind, as thinking of particular things, and yet which, con- 
tradictory as 1t may seem, the mind cannot get out when it likes. It 
will be found that patients who usually cannot talk will sometimes utter 
8 real sentence. Laycock (“ Mind anc Brain," vol. ii, p. 438) has some 
most important observations on this subject. He says (and this, I think, 
helps to show the continuity, with dilerentiation, of these utterances 
with emotional utterances like interjections) that ‘‘a person, usually 
speechless, under violent emotions may speak. A similar thing is 
observed with regard to laughter. A person with local disease cannot 
laugh voluntarily, but he can involuntarily.” We had at the Hospital. 
for Epilepsy and Paralysis a patient who could not keep from laughing, 
even when asking for help in his distress. 

The patient, who utters the sourd “pooh, pooh!” never said a 
single word to any of the nurses or ssudents of the hospital for some 
months, yet his son assures me that hie father once, by saying the word 
“ master’s,” told him where his tools were, and that he once said, with 
difficulty of articulation, but with intelligibility, “ How is Alice getting 
on?” Although I have always given place to such statements by patients’ 
friends, I confess that I have more than once almost felt that I was giving 
place to error in recording in my notes statements made to me about 
the occasional utterances of patients who would never speak to me. ' 
I have recorded (see Royal London Opi-thalinic Hospital Reports, vol. iv, 
part 4) the case of a '' speechless” patient who was said to have one day 
asked for chops, although I confess thai I did not then believe it. I do 
now. My past unbelief was brought to my mind forcibly the other day. 
A most intelligent student gave me the particulars of the case of a patient 
who died with disease of the left hemisphere. Soon afterwards I was 
talking to this gentleman of such utterance as I have mentioned. 
He remarked to me that this patient's wife had, with indignation at his 
(the student's) incredulity, affirmed that her husband, otherwise always 
speechless, said, “ God bless you, my dear." Now, my friend was quite ` 
justified in being very incredulous, but I ventured to tell him that it ‘was 
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better to record such statements, although on the authority solely of the 
relater. 

Dr. Martin, of 8t. Bartholomew's Hospital, has had the great kind- 

ness to allow me to mention a case of loss of speech which occurred 
in his practice. It is the more important, since Dr. Andrew tells me 
Dr. Martin clearly located the disease, and predicted its nature during the 
man’s hfe. I have Dr. Martin's permission to make use of the case, 
but the following quotation from the notes I got from the patient's wife 
will serve my present purpose: “ She told me the following as the only 
words she had heard him say besides ‘No,’ since he lost his speech 
(March 8) to his death (May 15): ‘ Five nights, six nights, seven nights, 
and then five nights out of seven." These words she assured me he 
spoke very clearly indeed, and she fancied he wanted to tell her something, 
but what it was she could only guess. 

In nearly all the cases recently observed of loss of speech with 
hemiplegia the paralysis has been on the right side of the body, 
indicating disease of the left side of the brain. To explain this, Dr. 
Moxon suggests that the left side of the brain only is educated, although 
there ıs “an organ of language " on each side. I believe this hypothesis 
is essentially a most important one, but I differ from it in one way, 
although, of course, I can be but speculating. I think both sides are — . 
probably gducated, but that the left is the one that begins to act, and“ 
that those educated utterances, which are in a sense involuntary, have 
become so by habit—i.e., frequent education—and may be the result of 
action of the right side only. How from the right side they are set 
a-going I do not know any more that I know how a person laughs, not 
only without effort, but even when he tries to keep quiet. 

M. Baillarger has already, I find, considered this question in an 
admirable manner. He says: “L'analyse des phénomènes conduit 
à reconnaitre, dans certains cas de ce genre, que l'incitation verbale 
involontaire persiste, mais que l'incitation verbale volontaire est abolie. 
Quant à la perversion de la faculté du langage caractérisée par la 
prononciation de mots incohérents, la lésion consiste encore dans la 
substitution de la parole automatique à l'incitation verbale volontaire." 
In the following sentence apropos of a particular case, he speaks more 
generally: “I est bien évident qu'ici l'incitation motrice volontaire 
était abolie et que l'incitation motrice spontanée persistait.” M. 
Baillarger refers to cases recorded in Dr. Forbes Winslow's remarkable 
and valuable work “ Obscure Diseases of the Brain." 

M. Baillarger has also made some very important observations on 
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incoherence in cases of loss of power to talk voluntarily. It has 
occurred to me to try to produce an artificial incoherence iri “ speech- 
less" patients by partial chloroform narcosis. M. Baillarger quotes 
from Gratiolet a statement to the effect that the frontal convolutions 
on the left side are in advance of those on the right in their develop- 
ment. Hence, if this be so, the left side of the brain 1s sooner ως 
for learning. It ıs the elder brother. 

At first glance there seems to be an utter difference betwixt a smile 
and such an ejaculation as an oath, and a greater still betwixt a smile . 
and such a sentence as “ How is Alice getting on?” * "There may seem 
to be an equally great difference betwixt ataxy of articulation and 
uttering wrong names for things. I have already, in some remarks on 
a case of chorea, referred to this subject (Medical Times and Gazette, 
January 28, 1865). ‘It is, in some classes of cases of disease of the 
nervous system, hard to say where obviously motor symptoms end and 
where the purely mental ones begin. Thus there ıs (in cases of 
hemiplegia on the right side) every gradaticn betwixt, on the one hand, 
& total loss of power {ο express ideas, or & loss of knowledge of the 
relation of words to things, and, on the othar, apparently scarcely more 
than an ataxy of articulation. And sometimes in the same case we find 
that the patient makes mistakes in words, and also articulates badly.” 
It is not difficult to show that ataxy of articulation and: sogcalled loss. 
of memory for words are really defects of the same kind, and that the 
loss of the sign the speechless patient hac for a thing is the loss of 
power to reproduce in his organs (in health from his brain, through 
series of centres, to the end of his tongue), the movements he has learned 
for that sign, or, at least, the “motor impulse,” and that damage near 
the corpus striatum affects language and thought, not because any 
so-called faculty resides there (or anywhere, except in the whole brain 
or whole body), but because more or less of parts which help in making 
symbols are broken up. The fact that people do not put their tongues 
in motion when they think may seem to ke a great difficulty; but I 
hope to show that it is not so great a one as is imagined. This will be 
but a particular expansion of the views whica Bain has long taught, and 
which, indeed, he has applied to speech.  '' When we recall," he says, 
“the impression of a word or a sentence, if we do not speak it out, we 


! I would here refer the reader to Mr. Herbert Spencer's '* Principles of Psychology,” and 
especially to the chapters '' The Growth of Intelligence,” ‘‘ Reflex Action,” “ Instino5," and 
" Memory." The facts related ın this paper seem to me to be in harmony with certain 
views Mr. Spencer has put forward 1n those chapters. 
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feel the twitter of the organs just about to come to that point. The 
articulatory parts—the larynx, the tongue, the lips—are all sensibly 
excited; a suppressed articulation is, in fact, the material of our 
recollection, the intellectual manifestation, the idea of speech.” The 
italics are in the original. 

M. Broca makes the following remarks, which amount, in principle, 
nearly to the same thing, in a pamphlet he was good enough to send me 
& year or two ago. (Extrait des Bulletins de la Société Anatomique, 
juillet, 1863.) “Pour expliquer comment un aphémique comprend de 
langage parlé, sans pouvoir cependant répéter les mots qu'il vient 
d'entendre, on pourrait dire qu'il a perdu, non la mémoire des mois, 
mais la mémoire des moyens de co-ordination que l'on emploie pour 
articuler les mots.” The use of the word memory in the sense of its 
being a distinct faculty is, I think, likely to lead to some confusion. 
Spencer says, '' such a succession of states (motor impulses, 
the results of conflicting impressions) constitutes remembrance of the 
various motor changes which thus become incipient—constitutes a 
memory" . . . “Thus then the nascent nervous excitements that 
arise during this conflict of tendencies are really so many ideas of the 
motor changes which, if stronger, would cause a recollection of 
such changes, and thus memory necessarily comes into existence 
whenever automatic action is imperfect.” According to this definition, 
memory 18 the obtruding of some of the motor impulses on the conscious- 
ness, but I suppose M. Broca means by memory of words the connexion 
the seats of motor impulses (co-ordinating centres, or whatever they 
may be called) for words have with that other part of the nervous 
system (whatever and wherever it may be) which set them a-going. 

Dr. Fourmé has also written admirably on this subject, and 
indeed on the whole question of language. I follow him in principle, 
although I differ from him in some details, which, however, I daresay 
he may not think to be details. I must, however, leave this part of the 
subject for the present, and take ıt up from the point of the relation 
of sensation to motion, and of each of these to centres. 

That the convolutions near the corpus striatum have to do with 
guiding muscles in articulation, there can, I think, be little doubt, and 
we may make the subject of study wider by inquiring (which I think 
we may do in the case of chorea) if they are not for corresponding 
actions—not mere movement—of the muscles of the limbs as well. 
That the corpus striatum is the centre chiefly for the limbs, as apart 
from the trunk, pathology, I think, leaves no doubt. In this connexion 
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it is important to mention that Laura Bridgman, when she dreamed, 
“talked” in finger language, and doubtless she thought by signs she 
made with her fingers (and their brain connexions). As we generally 
think in the movements of our articulatory organs, or in the motor 
impulses, to move them, so she “talked” and thought in the way she 
was taught. 

Dr. William Thomson, the present Archbishop of York, writes 
(“An Outline of the Necessary Laws of Thought"): “Those among 
the deaf and dumb who have been taught by the pains of an enlightened 
humanity to converse and to think must use, instead of the remembered 
words which we employ, the remembered images of hands in the various 
combinations of finger-speech (here the italics are mine) as the symbols 
of their thoughts. The deaf and blind, taaght the names of objects 
from raised letters, must think, not by associations of sound, but by 
touch.” 

Of course, we do not either speak or think in words or signs only, 
but in words or signs referring to one another in a particular manner, 
any more than we move single muscles or muscles co-ordinated 
to a particular end. Indeed, words in sentences lose their individual 
meaning—if single words can be strictly said to have any meaning— 
and the whole sentence becomes a un:t, not a word-heap. 

Dogberry thought such things as reading and writing come by 
nature, but we now believe that even the easy flow of talk of the most | 
loquacious is essentially an entirely artific:al process, and that even 
(granting there is truth in the pooh-vooh! and bow-wow theories) 
the origin of signs—i.e., words—had little in it that was hke anything 
instinctive. The Archbishop of York says, “In the fullest sense, 
language is & divine gift, but the power and not the results of its 
exercise, the germ and not the tree, was imparted.” Iam quite aware 
that written words and finger words are saic to be signs of signs, but 
they belong to the same category as language does, in that writing 
is, an artificial process, and distinct, at least :n degree, from such 
actions 88 siniling, respiration, and gesticulations. 

I think it will be found that the nearer the disease is to the corpus 
striatum, the more likely is the defect of articulation to be the striking 
thing, and the farther off, the more likely is it to be one of mistakes 
of words. This is not contradictory to what I have elsewhere said 
[1] as to the degree of difficulty in expression depending on the 
quantity of brain damaged “about the highest part of the motor 
tract, the corpus striatum-—the point of emission of the orders of 
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the ‘will’ to the muscles.” I think, too (although I have yet but 
little evidence on the point), that in cases of embolism of branches 
of the middle cerebral artery, we shall find the difficulty to be in 
“finding " the right word (i.e, in making the right signs) rather than 
in the process of manufacturing the signs, and for this reason that 
convolutions at a distance are more likely to be damaged, and, again, 
that the damage is widespread, and often slighter in degree. Finally, 
I think we have good grounds for investigating if the arterial supply 
18 not so developed as to re-unite in actions parts which have been 
differently cultivated in function. What Professor Bain calls an 
emotional wave, I think of under the fancy of an arterial wave. 
T think the occurrence of a particular action is probably due to the 
local stoppage in this wave. I think so because there is, I believe, 
evidence to show that subjective movements and sensations in disease 
are due to local debility of nerve tissue, as Radcliffe has long taught. 
Moreover, we may, I think, on Radcliffe’s hypothesis, at least more 
easily, explain periodicity and intermissions in such diseases as chorea, 
epilepsy, ague, &c. 

The vascularity of the region of the corpus striatum is, I think, 
a fact of much significance in the wider study of the relations of 
nutritive life and functional activity. The subjective sensation of 
smell of colour, &c (the so-called aura in some epileptiform attacks), 
I liken to a sort of involuntary memory of past impressions, and the 
spasm of the muscles of the hand—the so-called aura or partial fit— 
which occurs in some patients who are liable to unilateral epileptiform 
seizures to one of motor impulses. The subjective sensations of 
disease differ, however, from the rememberings of health and the 
contending actions of the whole of the muscles of the hand—the 
extensors striving with flexors, and the stronger getting most of their 
way—differ from particular purposive movements. In disease it is as if 
a row of keys were struck down together in mere order of continuity, 
producing not music, but noise; whilst the revived sensations and 
motions (or motor impulses) of health are like chords formed of a few 
notes related in harmony. That there must be some process by which 
one part of the nervous system arouses in the nervous systems of sense 
and in the various motor apparatus past impressions, there can, I think, 
be little doubt, and I would suggest that one link in the mechanism of 
this process may be the contraction of muscular-coated vessels supplied 
by ganglionic nerves; or, more generally, that within certain limits life 
and function are in an inverse ratio. Of one thing I feel pretty 


ON THE PHYSIOLOGY OF LANGUAGE. 
[Medical Tames and Gasette, September 5, 1868, vol. ii, p. 275.] 


Dr. Jackson treatéd his subject under the following heads :— 


Two KINDS oF LANGUAGE. 


Healthy language is of two inseparable yet distinct forms :— 

(1) Intellectual, i.e., the power to convey propositions. 

(2) Emotional, i.e., the ability to exhibit states of feeling. 

The two are separated by disease. It is intellectual language alone 
“which suffers in most of the cases to be described. Emotional language 
usually escapes altogether. 

Intellectual language suffers thr oughout, not only in its most striking 
manifestation in (a).words, but' in (b) writing, and (c) sign-making. 

It is the power of intellectual expression by “ movements" of any 
kind which is impaired, those most special, as of speech, suffering 
most; those of simple sign-making least, or mot at all. 

Emotional language is conserved throughout, not only in its most 
striking manifestation by (a) variations of voice, but in (b) smiles, &c., 
&nd in its most simple manifestation by (c) gesticulation. 

Although thus circumscribed by the term “defects of intellectual 
language,” there are within this limit many varieties of defects 
produced by disease near the corpus striatum. The author never 
uses the terms “ aphasia,” ‘‘aphemia,” &c. 

It is easiest to say what they are not. 

'"α) They are not defects of voice. 

(2) They are not defects due to mere paralysis of the tongue and 
other articulatory muscles. 

(8) They are not owing to any fault in the outward organs of 
` reception. 


[1] 


The Special Nature of the Defects of Intellectual Language. 


The author arranges the cases he has to mention, for convemience 
of exposition, in two classes. In the first class the author supposes 
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that the sensori-motor processes for speech are more or less destroyed ; 
in the second that they are unstable from under-nutrition (see [8]). 

Class I.— Severe cases in which the patient is speechless or nearly 
so, or in which speech is very much damaged. In the worst of these 
cases the patient can only utter some one unvarying word or two 
words, or some jargon. 

Class IT.—Cases in which there are plent-fnl movements, but wrong 
movements, or plenty of words, but mistakes «n words. 

Under Class II, he points out that taking the phenomena of many 
cases we find evidences of damage to sensori-motor processes, higher 
or lower in evolution, according to (a) complexity of movements; (ὦ) 
width of interrelation; (c) number of associations, from ataxy of the 
grosser movements: of articulation to an “ataxy” of movements 
embodying ideas. 

He then considers very generally, and with regard to all varieties of 
cases, the defects in complementary modes of intercommunication 
which accompany defects of speech, and takes the opportunity of 
considering a question asked, What is the degree of intelligence 
these patients have? He expressly gua-ds himself against any 
implication that language and thought exist separately. The question 
is not, How is general mind damaged ? but. What aspect of mind is 
damaged ? 

He considers the mental condition of pue in Classes I and IT 
88 regards :— 

(a) Sign-making is least affected, sometimes seeming to escape 
altogether.’ He urges that we-should distinguish in degree betwixt 
power to make simple signs which idiots can make, and the elaborate 
signs — saying nothing of finger language — which people make 
who are healthy, except for congenital deafness, and that we should 
observe if the patients can make signs to agnify ΡΣ quality as 
“ blackness.” 

(b Writing.—This suffers more or less in nearly every case ‘of 
defect of speech from disease of the ρα but Varles 88 much as 
the defect of speech itself does. 

Indeed, writing, and we may add reading, is the same defect in 
another form. For in each we have to reproduce the motor symbols 
of the words. Written or printed symbols are “ symbols of symbols.” 

The patient who cannot write can usually copy writing correctly. 

Patients can often sign their own names without copy when. they 
cannot or will not write anything else. 
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(c). Do the piments know what is said to them Ὁ It is usually held 
that "aphasic persons” do. The author thinks they usually do when 
they are speechless except for some unvarying jargon, ie., cases in 


' Class I, but that when—cases in Class II-—they have free bat disorderly 


E 


- utterance so high as mistakes in words they often do not understand, 


ie. quickly understand, words said.to them. 

'(d) Can the patients.repeat words said to them? They cannot in 
Class I; in Class II ‘they can, with or without blunders. 

The author supposes the reason in (ο) and (d) to be:— 

That: in Class I, the sensori-motor arrangements for speech are 
destroyed in their lowest processes by limited disease near to, and 
involving, the corpus striatum. The sensory aspect of the sensori- 
motor processes of mind is not reached. It is the ‘‘ way out” which is 
broken up. . 

That in Class II, the sensori-motor procèsses are impaired, but not 
destroyed, and that the change is'not limited to the region of the corpus 
striatum, but reaches deeper in the brain. 

(e) They, cannot read, but je can—often at least—understand 
what is read to them. 

(f) and (g) These points are very. ΡΘΗ considered. : 


^ 


"Educated Movements. 


The movements of speech are educated movements, and thus differ 
widely from those movements which may be said to be nearly perfect at 


" birth, such as those for respiration, smiling, swallowing, &c. All the 


muscles represented in ‘the corpus striatum unilaterally ? require a long 
education, and the most special of these are those engaged in the move- 
ments of speech, and next those of. the arm. The muscles always 
acting bilaterally, and chiefly represented. bilaterally in the corpora 


striata, are born with’ their centres: for movements nearly perfect. 
"Thus, then, the term “ Intellectual Language" merges in the larger 


term “ Special Movements acquired ‘by the Individual,” and the term 
E Emotional Language " in the term “ Inherited Movements” (common 
to the Rage). "There is a still more fundamental distinction. 


* "1 There ia nothing to show what these points were.— [EDITOR.] 


? It ‘is true that the tongue acts bilaterally, and that it is represented on both sides 


' ob “the “brain. But stillit differs from other musoles acting bilaterally, in thet each of its 


sides has a distinct representation in ita corresponding (opposite) side of the brain, (See 
Broadbent’s paper, Med. Chir. Rev., April, 1866, p. 479.) 
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" The, most General Nature of p Dui. 
The author first considers: -Class I. Here the, words previously used’ 7 
give way to terms larger ‘still... In its: highest or worst, form’ it is a loss ` 
' of voluntary power with conservation of invo-untary capability. 
(a) The author: first illustrates by the case of gross movements : 
Θ.6., 8 speechless patient may be unable to put his Tongue out, ea 
, it moves well in reflex, &e., processes. i 
,He next.shows that - there. is’ 8. corréaponding difference.‘even in^ 
quasi-mental movements. = Spuechlbis " ικα sometimes ejaculate 
involuntarily. 
(ὁ) It will be found that some. of ilius yita who. BAM talk 
2 voluntarily can swear. They- utter other ` ejasulations which are of the 
same category— meaningless, , for 4he. express on of ideas -abont things,’ ; 
although. useful as vehicles for the exhibition of feeling. They swear ΟΥ 
' ejaculate when excited, and cannot repeat the’ wor ds of the κ eal ] 
utterances when’ they try. 
(c) Next he instances ejacilations more" 'wprojríite to, ‘the circum: ` 
stances’ under which they are uttered, and- which ` are & A ΤΘ in ' 
speciality. 


(d) Next, and highest, a man usually: ο speechless may get ont Pu 


an actual proposition. ES 
NIS again, -taking into ‘consideration “the phenothéne of- many 
ο 


it will be seen that there is, 80 to speak, an, ascęnt i in f “compound: 


| "degree om utterances; like the common explosive oath, most generally +. 
related to ral external circumstances, to-actual propositions specially ` 
related, 4o . gal external circumstances - — i.e, “until ihe difference 


betwixt! ‘voluntary and involuntary utiéraüoe is lost. e 

' The: above- mentioned series of phenomena show, the author thinks, i 

i that there are in “speechless”: patients sensorimotor processes for wor ds 
somewhere, though usually the.“ will” cannot yet at them. ` 


‘This somewhere can scarcely be on the lft side of the brain, ds ual 
` damage of this side has made the man. speechless.. These ‘ihvoluntary’ κ. 


` utterances are, the author supposes, the, result ‘of action of thé right 7 
` side. In other words, he. ‘thinks that the lere is the leading sido, and 
ihe right. me automatic.: i ud f ο 
τ The Will. E / SM 
^. He then tried to show the relation: of the 80- eed: 2: will” to the., 
` rest of sensorimotor processes, and this time takes his illustrations from : 
the ‘stook "words: or ‘phrases which the patients always use. First, che e. 


P 
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points out that it is probable that the stock phrase was the leading 
sensori-motor process when the brain was suddenly damaged, and 
speaks of two cases in illustration. A man becomes speechless after 
hard work at making a catalogue, and can afterwards say only “ List 
complete.” (Recorded by Dr. Russell, of Birmingham.) Another man 
receives a wound ip the left hemisphere in a brawl, and can only say, 
"I want protection." 

He then speaks of Spencer's views on the “will” and, as he 
believes in accordance with those views, calls the “ will" the leading 
sensori-motor process of the moment, there being no such separation as 
Will and Mind. 


The Left Side of the Brain the Leading Side, the Right the 
Automatic. 


The author does not think, as Dr. Moxon does (see Medico-Chirurgical 
Review, April, 1866), that the left side of the brain only is educated, but 
that both are educated. It is certain that damage to the right side of the 
brain produces no defect of speech in most cases, and equally certain, 
the author thinks, that the disease of the left side only cannot prevent 
the patient getting out words when a forcible circumstance outside him- 
self is in very special relation with the processes for those words. For 
he points out that although there is in cases of involuntary ejaculation 
no prompting by the “will of the patient,” so to speak, the occasional 
utterances are developed with more or less appropriateness to the 
external circumstances. 

Although the cerebral hemispheres are twins, the left may, if 
we accept Gratiolet’s statement, be said to be the first born. It 
is born with the lead, and thus a patient who has damage to the 
left side of his brain cannot énifiate movements in the undamaged 
right side, either objectively, as in talking, or subjectively as in reading. 

. The author has recorded a case of loss of intellectual language in 
a patient who was left-handed, but states that in other cases’ this 
explanation will not apply, and he admits that there are cases of defect 
of intellectual expression with left hemiplegia which cannot be 
explained. Some of the patients, however, have been previously 
paralysed on the right side, although perhaps without any accom- 
panying defect of speech. Still he has never seen a case of disease 
of the right hemisphere, only as proved post mortem, with defect of- 
speech of any kind, but has recorded three cases in which this side 
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of the brain Gnoluding Broca’s cénvolution) 3 was dinani without defect i 
of speech. And all are agreed that when. hemiplegia occurs with loss , 


τ΄ of speech, the hemiplegia is nearly always . of the right side. He has,. -. 


however, received reports of two cases, one reco:led -by Dr. Long Fox, ` 
of Bristol, and one by Dr. Pye. Smith, in waich the -Broca''s, pum (on 
the lett) was dineased without loss of hi 


t 


- Lcalisation: 


” The author's views on. Losatisation have bes elven 80 4ülly 
. given by himself that it is needless to repeat them. In -the last: (the, 
- fourth) volume of the London Hospital Répcrts. the author has’ reported , 
. several: «ορια on patients who died νο. : 


tte 


NOTES ON THE PHYSIOLOGY AND PATHOLOGY 
OF THE NERVOUS SYSTEM. 


[Medical Times and Gazette, November 7, 1868, vol. ii, p. 626.] 


LANGUAGE AND THOUGHT—THE DUALITY or MENTAL PROCESSES. 


I SUGGESTED in my last article (‘‘ Hemispherical Co-ordination,” 
Medical Times and Gazette, September 26, p. 358), of which the present 
is a continuation, that the pair Expression and Perception are really two 
pairs—(1) Involuntary and (2) Voluntary Expression, and (1) Involun- 
tary and (2) Voluntary Perception.’ I was led to this supposition by a 
consideration of the phenomena of some cases of speechlessness the 
result of damage to one (usually the left) side of the brain, or, as I 
would put ıt, of the cases of persons who cannot revive words volun- 
tarily. What follows is mostly an amplification of the concluding 
paragraph of the preceding article, and an attempt (see the part on 
representative perceptive signs) to make clearer what I have spoken 
of crudely as a double revival of "images," ' concepts," &c. 

I ought, in fairness, to state beforehand that most of what follows 
is speculative. The justification of the speculations les, I imagine, in 
their leading to & more orderly method of investigating the revelations 
which cases of disease of the nervous system are constantly making. 
It is obvious that much of what follows is accepted doctrine, and the 
only point I wish myself to urge is the doubleness of mental processes. 


116 is needful to say how the term '' perception" is to be understood in this article. 
The psychscal, like the physical, processes of the nervous system can only be functions 
of complex combinations of motor and sensory nerves I have in the former paper guarded 
myself against being understood to imply that sensation and movement exist separately, 
although, for simplicity,’ I speak of them ns separate. Moreover, it is not implied 
that Sensation and Perception are altogether different. A Perception 18 a complex and yet 
an orderly development of impressions chiefly received in the past from many different 
sense surfaces; and when I speak of a sensation arousing a perception involuntanly I 
simply mean that, for instance, a noise or a touch may at any time make acival in the 
higher parts of the central nervous system (and their peripheral connexions) a unté, which 
is at all times potential, formed out of many impressions. It 1s as if, to use a very crude 
and inadequate illustration, the sound of one letter were to develop, not an auditory image 
of itself or several repetitions of itself, but the sound of a whole word made up of different 
letters, of which word the ono letter 1s perhaps the first letter In perception (as the term 
is to be used in this paper) several sensations, simple or complex, or both, have yielded, so to 
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.i Would especially refer. ‘to. the writings of Laycock, Spencer, μες. 
and Lockhart Clarke. 


. Words serve not. only in speech but in. thought ; in the former they". 


are usually actually uttered; in the latter the processes for them are 
. only nascently τος, But I soe it is n sufficiently exact to ο... 
‘of thought as ‘internal speech. 

-Itis not enough to say that speech consists of words. It consists 


of words referring to another in a particular manner; and without a, 


proper interrelation of its parts a verbal uttérance would ‘be a mere 
succession of narhes embodying no. preposition. .A proposition—e.g., gold 


is yellow—consists: of two names, each οἱ which, by conventional con- - 


trivances of position, &c. (called grammatical structure in well- developed 
languages), modifies ihe meaning of the other.) All thé names in a 


.random succession of words may, it is time, one after the other, excite: 
perceptions in us, but’ not perceptions . ir ‘any, relation to one another ' 
deserving thé name of thought. The several perceptions, so revived do ` 


ποῖ make.a unit. ` Ύγο- ἄπο told nothing by.& mere sequence of names, 


although our organization is stirred up by each of them. Now, 


& proposition is not—that is to say, in its effect: on us—a, mere 
sequence. t 

, When we apprehend: a propositicn, a‘ relation behoben two things is 
given to us—is for the moment, indeed, forced upon ‘us by the conven- 


. tional. bricks which put the two names :n the respective relations ‘of. 


speak, their own persotality hito ilis formation of a Aighar unit which wo then aipuingish 
a8 & perception. ` 

Similarly in expression, the dorrespondmig opposite οἱ Perception, we find in ο certain 
disorder of articulation (from disease of the higher parts of the nervous system, eig., of the 
region of the left corpus striatum) that the defect is not of the muscles of the palate alone, 


"nor of those of the tongue alone, &., nor of al! of these grouped together. It is a disorder ` 


of a complex unit for the whole process.of articulation., But I must defer the more complete 


consideration of these points’ until I come to treat of ‘‘Spectral Illusions," which-are,. 
I conceive, the sensory correlatives-of those complex motor disordera which border Op, or: 


constitute, incoherent talk. x $ 
I adopt the expression '' thread of NE ” For those of our always possible gensóri- 
motor processes, whioh are for the time actual. end info, which sensations or Perceptions are 
: continually bringing modifications. 4 


- Imay here say something on the use of the words.“ will,” « μας &c. Although : 


we “will,” in the sensè that we do.what.we like, provided’ there are no external hindrances, 
we do not desire'as we. like (see Spencer on the *' Will," ** Principles of Psychology," 
Lockhart Olarke on “ Volition,” Psychological Journa!, Nos. 8, 9 and 10).' I must use some 
such: word,'and I use the words . «ὙΠ, &oc., pretty much as ** effort, ” ον &e. Ρ 
are used. ' ‘ 


1 


! The remarks of Waits, from whom: I have bored the idea i in iis above paragraph, , 


‘dre of very great interest in this oonnexion.. The passages are too long for quotation. (See 
Waabz's '* Anthropology,” translated by Collingw»od, P- 241 et seq.). 


E 
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subject and predicate. We receive in a twofold manner, not the words 
only, but the order of words also. 

Within the speaker’s mind the complete process must correspond to 
this double gift. I remarked in the article above mentioned, “there is 
[internally ] something like a reduction of [apparent] relations of sequence 
to relations of co-existence (.e., alternate sequence) in the two terms of a 
proposition.” His uttered sentence is the result, I conceive, of a double 
succession of movements (words). There is, I imagine (when we take 
into consideration what we may suppose to be the full process which ends 
in the actual utterance), a corresponding double succession of perceptions, 
too. I tried to show that in the process which leads to outward speech 
—not necessarily outward, of course, let us say, to propositions—there is 
a double revival of words—automatic revival—prior to voluntary revival; 
and that the automatic revival occurs first, and on the right, and the volun- 
tary revival afterwards on the left, side of the brain. Concepts, images, 
perceptions, or, whatever they may be called—I shall use the word 
“perception” inthis paper—develop words automatically in no order, or 
rather in their own order, on the right side of the brain. Words are, or 
may be, objectively considered on the left, put into new relations, made 
into propositions. I wish to speak of the links between these two revivals. 
The links are, l imagine, the perceptions of which the words are the 
arbitrary signs. I wish also to speak of the links between the revived 
perceptions. They are the aforesaid revived movements of words. In 
fact there is, I conceive, an alternate play between the higher 
* movements ” and “ sensations " of mind, as there is in the commoner 
movements and sensations of the body. In the latter, after a sensation 
has excited a movement, the presumption 18 that the sensory nerves 
from the muscles put in action, or perhaps from the skin over them, 
register the form and degree of the movement made or making, and no 

' doubt in such automatic processes as walking these supervising nerves 
serve also in the excitation of the movement which is to follow in 
adaptation to the common purpose of the series of movements—helps 
to determine 4£s form and degree. In walking there is no difference, or 
no obvious difference, in the alternating movements, but in the leading 
parts of the nervous system the processes are not altogether automatic. 
If they were there would scarcely be a consciousness. 

It is convenient to speak first of the two revivals of perceptions, and 
next of revivals of words, although, as already said, I conceive the 
revivals to be alternate—involuntary motor, involuntary perceptive: 
voluntary motor, voluntary perceptive. 


d gl 
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πε seems plain that there is, at least iocus l.imagine— 
involuntary prior to, voluntary! revival >f perceptions. To take an 
instance. When I hear & certain creaking noise, I '"gee," in apite of 
myself, a certain room. I should have so suffered any time the last 
twenty years, and may for the next twenty. . Here ‘a simple sensation: 
fouses a perception. The creaking sound is merely a particular noise 
` affecting the auditory nerve; but the induced change in this nerve 
necessarily revives in the brain to which it travels i iipressions of. ‘other . 
things. with which, in co-existence or in sequence, it'had been’ often 
formerly received. ` Probably.the noise always acts.on me in essentially _ 
the same way, but’ in very different degrees. When I.am ‘thinking of 
‘something important, there is either no obtrusion or the faintest, or . 
perhaps I should say only ` the most temporary,  Gbtrusion of the 
awakened perception on the “‘ thread of - my conciousness.” - But were 
1 not strongly pre- -occupied or. granting | that certain circumstances, say 
the recent ‘death. of friend whom I used often to meet in that i ‘room, 
were en rapport, it would take the lead in my mind. I should “ will" 
.to dwell on the perception | which has been ‘obtraded on me, and' for 
this there would, ’ I presume, be required a voluntary revival of the. 
.perception—objective consideration—and this second | revival . would 
occur, as I speculate, on ‘the’ right ‘side of my brain. In short, the 
sensation first acts upon me às it finds me, unawares. I am suddenly 
its victim, for it brings the room before ‘me in spite of me. The 
awakened percepbion may or may not. quizkly fade out ‘of my conscious- 
ness, or it may- be revived by .effort when the noise ‘has ceased ' arid 
ig perhaps forgotten. Moreover, it must fake æ place in, so to’ ‘speak, 
any ; . proposition of perceptions 1 like to’ put-it in. Or vane popular 
language, I can reflect-on it. 

Το repeat, there is first involuntary sevival of perséption, ids 
'. there i8 or may be voluntary:revival. And cf the voluntary revival it 
must, be added that the perception, besides being modified,’ 18’ or may | 
be put in-a new order with others. Inceed, it is necessarily modified 
` by being put in a new order, -as' words are in:à proposition. But what 
is the intermediation betwixt ‘these two different perceptions? They are 
really different, each being not.merely a repetition of the, other. aan is ` 
movement, i.e., the movement of words. oo l A 


i Although I must, endi for convenience of the two siia as being piis ος, j 
and. involuntary, I do not think there is any abrupt difference. The‘ remark in the text 
, implies the belief that there are all degrees betwixt ώς action and that. kind of 

imperfect action which 1s the dawn ‘of “ will.” : 
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Let us see how the hypothesis applies to what follows hearing the 
word “horse” in & proposition. Horse (the real thing, that is) cannot 
be considered objectively in the same sense as the room can. Neverthe- 
less, when the word “horse” is said to me I do properly understand 
what is meant, and I understand sentences of which the word '' horse " 
forms a part, as “horse is swift." The word cannot, it may be urged, 
revive the perception of anything automatically, as it is not the name 
of any one thing—of any particular horse. It serves as 6 sign for all 
horses, for horses of different colours, for young horses, for old ones, 
for fat or for lean ones. Still, it revives something. There have long 
been permanent modifications of my brain which make it possible for 
another person at any time to compel me to have in my consciousness, 
at least momentarily, unless I am strongly preoccupied, some kind of 
notion of horse. He excites certain changes in the '' grooves " of those 
permanent modifications of my brain which are always with me, part 
of me. And although what the speaker can bring about directly is only 
a certain series of vibrations on my auditory nerves, these vibrations 
are of necessity, in all Englishmen who have seen horses, followed by a 
notion of “ horse.” What is the nature of this ever-present modifica- 
tion of my organization, usually sleeping, but any time to be awakened 
by the noise '" borse," to give me a notion of horse? Is it a sensory, 
or is it a motor process? In other words, is it a potential, i.e., a unit 
formed out of certain complex sensations, having a direct relation to 
horse, woven from former seeings of more than one horse—or 18 it 
an arbitrary (potential) motor sign im itself altogether meaningless— 
a counter which is revived to serve in thought instead of a perception 
(a spectre) of horse ? I think there must be both a motor and sensory 
process. 

Itis plain that I have always in my brain a motor sign for horse, 
for I can say the word “horse” at any time, and no doubt, when I hear 
the word “ horse,” the motor process—the word—is the one first revived 
in my mind by the aural sensation. Its revival is, fundamentally 
considered, an instance of a particular movement blindly following, by 
acquired habit, a particular sensation. This motor sign 1s, or may be, 
developed automatically on the right side of the brain, for it is 
possible to rouse it in a man who has lost the side of voluntary 
revival of words by disease. But have I not something more in my 


! To take an old ulustration—the word ‘triangle.’ How, it may be asked, can this 
motor sign in & proposition develop in us the perception of a tmangle, of whose shape 
nothing special is afhrmed, when actual triangles are dissimilar—equilateral, isosceles, and 


&. x - "E " 
so -i = 3 - d : ' 
i 
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mind than the mere mob sign when I indorsfand € & a proposition with 
the word ‘ “horse ” in it? ; 

There must, I conceive; be besides a sensory imago ‘of some | Bind — 
.& perception. "Moreover, ‘there ‘is, I -spetulate, a double revival of 
perceptions | in understanding : & proposition w:th ‘“ horse” n it.. 

The first thing in this double process of perception, 1 presume; is 
that .the automatic motor- sign “ horse " „acts on the left side of my 
brain as the creaking sound did, and develops that perception with 
which it is arbitrarily associated. ` [The creak has a diréct relation 
. with the perception “ room." -The noise “horse”. hag an indirect 
relation with this arbitrary- 'sensory image borse, through, the word. 
"'horse."] So far the process is’ still involuntary. We must stay here - 
to consider what the nature of the revived anvoluntary. perception is., 

` In the case of the cresk the perception of one particular room. 48. 
revived, not-a “ general, notion ” ' of rooms. The creak is’ then, . 86 to 
speak, that one room's proper name. 'Butin the ‘case. of , horse, : there 
being no particular horse, in question, what: is the: nature of the, 
perception revived? : f 

My notion is tha we riot only shin bs aly of ee motor signs, 
(words), but by help of arbitrary percéptive signs, and that we have ' 
,'permaneritly in our brain organized forms of the' lattér,. just .as.we ~, 
have organized forms for the former— movemenis of words. I will try κ 
"to illustrate this, saying, however, beforehand, that the illustrations are. 
scarcely parallel to the.case of “ horse’ at least, not séemingly so. 

. .When I am to think òf a place I have once visited, I “ βόα” faintly , 
; some‘ part of it. which has struck -me most, e.g., of Petersfield, the 
market-place ; ‘or of.& certain village, the Green, where. there are ‘vail. | 
ings under an elm tree, Such. fragments stand {ο me, I conceive, as ᾿ 

- counters ın ordinary. thought for the whole place. If I am-made to 
think of a place I have never seen, -but have read οἳ I have still, some 
visions of maps or ot names on map. These μμ signs are really 


loge It is hard to analyse one's thoughts on such & iid but I feel that’ I myself. 


have a perception of a particular triangle—viz., an equilateral triangle, which, I suppose, 
ΒΘΕΥΘΒ. automatically,’ m thought, for what I may oall-my general, notion of .a triangle. 
Suppose the following proposition is in, question : * The three interior angles-of every triangle - 
ara, equal to two right angles.” Icannoé but think that everyone who heard‘and understood 
this statement would have & perception of 8 drawing of that kind of triangle which had, ix 


. his experience, been most frequently associated’ with ‘the word, “triangle,” or some’ one ᾿ 


‘triangular figure which had struck him. Stppose'the pbove statement ' 18 repeated in detail. - 
` t This is trne of thé equilateral, the isosceles, and the soalene “triangles,” There would '- 
then be developed with each name’ perceptions of each kind of ο. three equal, 
with two equal, and with three unequal’ sides. QS A . a t 


` 
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sensory sign for it, which is really quite arbitrary. Thus, when I think 
of Berlin, or of America, all I can put before me for these places are 
quite as arbitrary signs as words are, although each person has his own 
perceptive signs. It would seem as if anything of the sort would do, 
for when I think of New York I “see” a picture I once looked at of 
Broadway. When I read of scenes in “Arctic Voyages,” I think of 
vast hills of ice and water. 

. Now, I can in each of the above cases, according to the degree of 
my direct or indirect knowledge of the place or scene, enlarge the simple 
sign or alter it, or perhaps translate it into some other preception 
which the circumstances may require. When I have seen Berlin, I 
shall have a different perception of it; and even now I can at will think 
of it as an assemblage of houses with streets, shops, public buildings, 
&c. There is automatic revival followed by voluntary revival—the 
latter revival being essentially an adoption of the obtruded perception 
by my consciousness—i.e., putting it in new relations by which it is 
necessarily modified. 

The above-mentioned perceptive signs for single objects are 
analogous to proper names, and it does not follow that I have an 
arbitrary perceptive sign for horse, ın a proposition referring to no 
particular horse. It is next to impossible to analyse one’s thoughts on 
such a point, but my impression is that we have ever present in the 
nervous system an organized form which, when revived, is a shadowy 
vision of some horse— perhaps of one particular horse with whose shape, 
&c., we were struck—and this serves with the word horse for “ horse” 
automatically in rapid thought. It is possible—this is the belief of 
some, at least—that the word “horse” was at the earhest part of our 
intellectual life the propery name of some one horse, the one, possibly, 
we first saw. The very same word afterwards becomes the sign of our 
"general notion ’’ of horse. There is some analogy in the sensory part 
of the mind; for as regards the room, so often mentioned above, its 
particular perception very often stands to me for rooms ın general, and 
it is a revived image of this very room that I have mostly “in my 
mind's eye" when I read of domestic life, and I place the characters of 
tales init. It has become to me the analogue of a general name. 

I can at any time voluntarily "see" & horse. I can “see” a white 
one, a black one, a fat one, & lean one. But in rapid thought I see no 
particular horse, for no one is spoken of. Ihave only my “lay figure” 
of & horse. I can translate my single permanent perception of horse 
into the perception of any particular horse I remember. 


ABSTRACT OF THE GOULSTONIAN LECTURES ON CERTAIN 
' POINTS IN THE STUDY AND “CLASSIFICATION | OF | 
' DISEASES OF THE. NERVOUS SYSTEM. j : 


Delivered at the Royal Oollege of Physicians. 
[The Laneet, March 6, 280, τα, i, Ῥ. 844]. Be epe 


‘Leorore i. 


3 Gone the αι’ of the Medical ‘Physiology of the ARERI 

Hemisphere, the lecturer gave a condensed. account of some of the . 
innumerable varieties of defects of speech which attend diseaes 'of, and . 
of the hemisphere near to, the corpus siristum' on one: side, "usually 
‘the, left., He thought, with “regard to' the patient's' mental. condition, 
“ib W88, above all, most important to. bear in mind the lapse of time 
from the seizure; and mentioned cases in illustration. He related cases 
of tempor ary loss of speech presumably from embolism; in which cases, 


. ` as in those of permanent loss of ‘speech, there was an inability to write 


well as ‘to speak. He’ thought that specimens of writing from 


. Een 80" suffering were niuch needed. In some casas of temporary 


loss of speech occurring with unilateral spasm. the patient could write.’ 
‘He apoke of children speechless from birth, and alluded to the bearing 
„of these cases on the’ important hypothesis put forward independently, 


and, almost contemporaneously, by Broca and Moxon, He ‘tried ‘to. 


‘show that defects of. speech should be classified on the same funda- 
inental principle as grossly motor defects—into those implying 
‘destruction: and into those implying instability of nervous tissue ; ᾿ 
.or, in other words, into those in which there is diminütion of power 
‘to speak, and, those in "which thé defect is disorder of, speech—e.g., 


 Jnistakes in words. ‘He believes. the: mental condition 18 different ‘in 


the! two classes of cases; ` i 


With a view to support still “farther the doctrine 'of loxulgstton S 
he holds, he tried to show from the. .phénomena of some cases of 
hemispasm (occurring :with disease, òf one cerebral hemisphere), that 
there is an order of frequency, in the parte in "which the Epeett 
commences, and pone out that there is s dlso: a “compound ab di 


D 
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in the march of the spasm. "He insisted: on' the necessity of recording 
"what is seen to take: place in: the simplest cases of convulsion, and 
hoped ᾿ that. from analysing thé ' ‘ compourid ‘sequences’ in these cases, 
‘we may learn something ‘of the internal relations given to muscular 
‘regions which extérnally are widely separated. He pointed out that 


the. phenomena of. hemispasm show that. muscles acting bilaterally 


«816 practically equally connected with each of the corpora striata— 


‘a conclusion which Dr. Broadbent had ‘some years ago arrived at 


deductively. The phenomena of the sevérest cases of hemispasm 
from’ disease of one hemisphere,, however, in which both sides of the 
"body are éonvulsed, led him to a modification of Broadbent’s hypothesis. 
Thus, taking one. side of the brain, the right, the lecturer thinks the 


‘muscles acting unilaterally, both of the left and of the right side of the 


body, are represented in the right side of the brain, but that the muscles 


-of the left side of the body are especially represented there: Firstly, 


more in quantity, for they are more affected when the hemisphere 


„discharges : secondly, first’ in’ time (instability), for they are affected 


` before those of the right side. ' He thinks that, having, from the study 


x 


of the effects of, want of action and of “‘over-action ” of the corpus 
striatum, “arrived : at & better knowledge of the plan of composition 


' of one nervous organ, we may fairly usé this knowledge.as a means 
.of further investigation. He thinks that Broadbent’s hypothesis, and 


the facts which, so strikingly confirm it; help us to a better under- 
standing of the action of two hemispheres in mental processes. From 
a considération of the phenomena of such'cases as that of a man (the 
left: side of whose brain was damaged) who could not speak, but could 
understand what was said to him, who could not write, but could copy 
writing, and, who might  éjaculate—from. the consideration of such 
a case, the lecturer was led to believe that the fundamental defect in 


„loss of speech from disease in one, hemisphere is inability to reproduce 


words voluntarily, because the leading motor part of one (the left) side 
of the brain is daniaged. Involuntary reproduction (understanding 
words) remains. possible, because the ‘automatic side (right) is intact. 
Thus, reduced ‘to its simplest form, loss of speech corresponds to 
hemiplegia, in which form of palsy the voluntary movements ‘are lost, 


' the involuntary preserved. In other ‘words, it seems that the “ unit of 


action", of .the nervous system is—ras we might expect from the 
organism being & two-sided. one—double the unit of composition. 
There is, however, a difference betwixt damage to the corpus striatum 


and damage to the hemisphere just above it, viz., that whilst damage 


ON THE ANATOMICAL AND PHYSIOLOGICAL LOCALIZA- 
TION OF MOVEMENTS IN THE BRAIN. 


[The Lancet, January 18, 1878, vol. i, p. 84.] 


. For some years I have studied cases of disease of the brain, not 
only for directly clinical, but for anatomical and physiological purposes. 
Cases of paralysis and convulsion may be looked upon as the results 
of experiments made by disease on particular parts of the nervous 
system of man. The study of palsies and convulsions from this point 
of view is the study of the effects of “ destroying lesions," and of the 
effects of “ discharging lesions.” 

And for. an exact knowledge of the particular movements most 
represented in particular centres we must observe and compare the 
effects of each kind of lesion. It ıs just what the physiologist does in 
experimenting on animals to ascertain the exact distribution of a nerve, 
he destroys it, and also stimulates ıt. Indeed, this double kind of 
study 1s essential in the investigation of cases of nervous disease for 
physiological purposes. For limited destroying lesions of some parts of 
the cerebral hemisphere produce no obvious symptoms, whilst discharg- 
ing lesions of those parts produce very striking syniptoms. By this 
double method we shall, I think, not only discover the particular parts 
of the nervous system where certain groups of movements are most 
represented (anatomical localization), but what is of equal importance, 
we shall also learn the order of action (physiological localization) in 
which those movements are therein represented. 

I begin by speaking of destroying lesions, and take the simplest 
case—hemiplegia of the common form from lesion of the corpus striatum. 
A blood-clot which has destroyed part of the corpus striatum has made 
an experiment, which reveals to us that movements, of the face, tongue, 
arm, and leg are represented in that centre. This 18 the localization 
of the movements anatomically stated. Physiologically, we say that the 
patient whose face, tongue, arm and leg are paralysed, has lost the most 
voluntary movements of one side of his body, and itis equally important 
to keep in mind that he has not lost the more automatic movements. 
The study of cases of hemiplegia shows that from disease of the corpus 


, 


ye 
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striatum those external parts suffer most which , Speaking psychologically, | 
are most under the command ‘of the will, and "which, „physiologically . 
speaking, have the greater number of different movements at the, greater 
number of' different” intervals. That parts suffer more as they serve 
in voluntary, and less‘as they serve in automatic operation, is, I beheve, .. 
the law of: destroying’ ‘lesions of -the cerebral nervous centres. It may’ 


` be illustrated in the hemiplegic region itself ; that limb which has the 


more ‘voluntary uses—the "arm—-suffers more. 

Ir have, illustrated. by a case of hemiplegia of -limited: range from 
Β lesion of moderate gravity. But from lesions. of different ‘degrees of 
graviby we have hemiplegia of very different ranges, varying gradually 
: from palsy of the face, tongue, arm and leg of one side, to universal 
powerlessness. Or, physiologically speaking, there are all degrees, | 
from ‘paralysis limited to the most: voluntary parts: of one side of the, 
body to paralysis of the most automatic parts of the whole body. The 
. movements of the ‘heart ‘and respiration are less frequent, and the 
temperature is abased’ (soon after the seizure, of course, is meant). The: 
"patient, to put 11 in the shortest Way, 48 reduced to a ‘more or less 


` automatic condition, ‘according. to the gravity of the lesion. 


It. must be added that degrees of hemiplegia’ are not simple degrees ; 


. that is to’ 887, they 816 not either degrees of ' more or less loss of power . ' 


» nor degrees of more or less range only, but of both. ` They aré 
compound degrees. . For example, if there be paralysis not only of the 
most voluntary parts , of the body, face, tongue, arm and leg, but also 
of “those next most. voluntary (or, in equivalent térms, of those: next 


least sutomatic, viz., loss of certain niovementis of the eyes and head ^ 
, and side. of -the chest), we find that the most voluntàry parts, (face, arm ` 


and leg) are, very much paralysed, ‘In other words, the graver the . 
lesion, not only the more are the most voluntary parts paralysed, but 


the further spread to automatic parts is the paralysis. 


From these facts, supplied by ‘eases of destroying lesions of the 
centre producing loss of movements, we may, conclude that ihe 
physiological order ‘of representation’ of moyements in the corpus’ l 
, Striatum i& such that Action in health spreads’ from the automatic to 


we 4, 


“ΣΤ shall use (and, after ώμος defiriition, mthout ar any pysohological implication) 


Ae wotds "voluntary " and " yutomatio.'* It 18 not to be implied that there aro abrupt | vs 


.demarcations betwixt the two'olasses of movements; cn the’ contrary, that there are 
‘gradations ‘from the most voluntary: to the most automatic.’ , | 


` 2 Of course the term “ heihiplegia * becomes & misnomer when, there is. universal power- 
leasness. I shall have'more.to say of the universal powerlessness which occurs from disease ~ 
οἱ but one side Ξ the.bram when I consider convulsive seizures. i ta 
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the voluntary ; or rather (the unit of action of the nervous system being 
a double unit, a molecule of two atoms) that there is first action spread- 
ing from the automatic to the voluntary, and then action spreading in 
the. reverse order! The spreading of healthy movements is best 
illustrated by degrees of “effort,” as in lifüng weights. There is first 
fixation of the more automatic parts of the arm, side of chest (and still 
further ın automaticity according to the preconceived degrees of heaviness 
of the object), before the most voluntary part, the hand, grasps the 
weight and then hftsit. The heavier the weight, not only the more 
strongly are the most voluntary parts used, but the further does the 
movement spread to the more automatic parts. This compound 
spreading of healthy movement corresponds to the compound degrees 
of hemiplegia. 

I will try now to show that the physiological order of gross move- 
ments applies to the movements of speech. I say movements of speech 
advisedly, as I think the abrupt distinction made in the expressions 
“loss of memory for words” and “ataxic affection of speech” is 
arbitrary and misleading. (On this matter more will be said later.) 

The physiological order applies to the classification of the whole 
of ‘the phenomena of cases of so-called aphasia to the positive—the 
inability to speak; and to the negative—the ability to understand 
speech. Taking an ordinary case of entire loss of speech, we find that 
the patient has lost the most voluntary form of expression (speech), and 
has not lost the most automatic (emotional manifestations). We find 
that pantomime, which, bordering on gesticulation, stands half-way, 
suffers little. We find that the exception to the statement that the 


! That the unit of action of the nervous system is double the unit of composition 15 
inferable fiom the fact that the whole nervous system is double; this conclusion runs 
physiologically parallel with the psychological law that all mental operations consist, 
fundamentally regarded, 1n the double process of tracing relations of likeness and unlikeness. 
The lower parts of the nervous system are plainly double in function, and ıt would be 
marvellous if the higher parts were not so too The most automatic of the higher move- 
ments of the body *' practioally " constitute » single series, although we see that they are in 
duplicate. The two sides of the chest act so nearly together in time, and so nearly equally 
in range, that there is “ practically " but one movement But the very highest movements— 
those for words—are ‘apparently in single order too, but for the very opposite reason. It is 
because wo only consider the end of word-processes (speech), and neglect altogether the prior 
automatic reproduction of words. In the double action, of which the second part 18 speech, 
there 18 first, I suggest, the automatic and unconscious reproduction of words. Later in this 
paper will be given facts which tend to show: (1) that the unit of action of the nervous 
system is double the unit of composition ; (2) that the higher the nervous processes are tho 
more unlike become the two components of the unib of action; (8) that the unlikeness 1s 
first in time, one acting before the other, and second in range, one being 1n stronger action 
than the other. 
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patient is speechless (for he can usually utter some one or two words) 
is frequently the exception proving the rule. He has lost speech. 
altogether, except the most automatic of all propositions—'' yes” and 
“no.” Even these real words are often only of interjectional value; 
they can often be used only along the emotional manifestations, can 
be used, that is to say, automatically only. And, curiously, we find 
occasionally that the patient who can reply “No” ‘correctly may be | 
quite unable to say “Νο” when told. Another occasional exception 
proves the same thing : He may utter oaths or other ejaculations when 
excited, which he cannot say, cannct repeat, when he tries to do so. 
Occasionally he gets out ejaculations of a less automatic character (less 
general in the sense of being suitable to fewer occasions). Thus he 
may say '' Thanks,” “ Good-bye,” on fit occasions, but not when he tries. 
In a narrow corner we see the same thing: he may be unable to put 
out his tongue when he tries, and yet move it well in all automatic 
operations. But there is a far wider and far more important illustration 
to be given. Coining the word “ verbalizing " to include all the modes 
in which words serve, we see that there are two great divisions, or 
rather extremes of verbalizing, one is the voluntary use of words 
(speech) ; the other is the automatic use of words as m receiving speech 
of others. Now in the ordinary “specimen” of loss of speech the - 
former is lost and the latter is intact. The patient cannot speak at 
all, but understands all we say, on simple matters at any rate. That ' 
he cannot write is simply loss of speech in another form. For the 
' physiological reality of speech ıt matters nothing whether the proposition 
be uttered aloud or to ourselves; it 18 enough that certain nervous 
powers be excited, and excited wn definite order; if they be strongly 
excited, there is external speech; if slightly, there is internal speech, 
So that internal speech and internal reproduction of words are not. , 
synonymous ; there 18 a voluntary internal reproduction of words in new 
and propositional forms (as occurs when we write); and there is an 
automatic internal reproduction of words in old and acquired forms or 
in forms given us, as when we receive. ane understand words in pro- 
positions spoken to us. $ M 
This physiological order will, I think, be of great use in the in- 
vestigation of mental diseases proper. It seems to me to apply, at any 
rate, to some comparatively simple mental symptoms which occur in 
general physicians’ practice. After some epilept:c or epileptiform 
seizures, the patient becomes strange or outrageous, and acts queerly 
or violently. My speculation is, that in these cases he is reduced by 
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the fit to a more automatic mental condition. Thus I have recorded 
the case of a man (Lancet, March 18, 1871) who walked eight 
miles in a state-lke that of somnambulism. He was subject to fits, 
beginning by a subjective sensation of a disagreeable smell, and depend- 
ıng on (as, I suppose; petit mal always does) changes in the region of 
the ‘anterior cerebral artery. Now, just as after a fit of unilateral 
convulsion a patient is often reduced to a more automatic condition, 
so far as his physical state goes—he is left hemiplegic on one side— 
so I suppose this patient was reduced to a more automatic condition, 
so far as his mental state was concerned! 


! In cases of slow deterioration of brain, the' disposition “ alters’ , I fear that 16 is that 
the natural disposition has 1ts way, and that our more animal, our more instinctive habits 
and desires are no longer subordinated. There is reduction to a more automatic condition ; 
there 1s dissolution, using this word as the corresponding opposite of evolution. The 
weaker the mind the more do the more automatic desires have their own way In a fow 
cases οὔ intracranial hemorrhage, the patient becomes violent and swears; resembles the 
'drunken man ” whose “ natural disposition comes out’; the condition expressed by the 
proverb “sn vino verias" is equivalent to a reduction to a more automatic condition in 
which the natural impulses have freer play. 


B 


Ub THE NATURE OF "THE DUALITY OF THE* BRAIN: 
ANN Press and κέ ; January 14; 1874, vol.i, p. 19] . 


. 


I GIVE here a ae of some. of the opinions I have κο during 
the last séven or eight years on the nature of the duality of the brain. 

That the nervous system is ‘double’ ‘physically is evident’ enough.. 
This is a very striking fact, but one so, well known that we are in danger 


. of ceasing to think ‘of its significancée—of ceasing to wonder at its, 


_A truth beccmes a truism. The -chief significance of the duality lies, ' h 
I think, in its .bearing on what is most.fundamental in mental opera: 


E tions—the double process of tracing relations of likeness and unlikeness. 


The nervous system, I repeat, is physically dofble. I wish to show ’ 
that it is double in function also, and further, in what way.it is ‘double ` 
im function. ‘I shall speak of. the brain ‘only, taking illustrations, 
however, from the lower parts of the nervous system.’ 

Not long ago few doubted the brain to be double in fünetion as velt 

' as, physically bilateral ; but now that it'is certain, from the researchès ` of 
Dax,. Broca, and others, that damage: ‘to but one lateral half can make E 
> man entirely speechless, the former view. is disputed, Thus, -Brocà ‘and’ 
Moxon suppose that. but one. half ‘of the braiii—the left in the vast 
majority of people—is educated yo words, the αμα of the other half . 
‘not béing developed in words. τ᾿ 

Prior to the researches of Dax and Broca it AET eR been saiodi 
that the brain was double in function in either of two ways: (1) That 
action of. both ‘halves was required ' in, any mental operation.; (2) that- 
either half (indifferently) would servé alone. Neither of these opinions , 
can now be held, with regard to words, at any rate. The two halveé are 
not double in function in’ the Sense that both ‘are required for speech, 
since 8 patient cán speak perfectly well when the right half of his brain 
is damaged, in whatever part the damage is, and how extensive it. may 
be. Nor. ste they double i in.the sense that the two halves are such exact 

|I ane thee word,“ brain” to inolude’ thé cerebral hemisphere and the sides motor and | 
sensory tract. I "use the word.“ encephalon ” to 1nolude all parts of the nervous. system y within, * 
the skull. It 15 convenient to-use the, ποτᾶ half "—meaning a lateral half—when speaking. 


of the nervous system, and-'' side” whon speaking of the,body. Thus, disenso in the left half 
of tha brain produces paralysis of the right mide. of the body. 
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duplicates that esther of them will do for speech, since extensive damage 


. m 8 certain region of the left hemisphere will destroy speech altogether. 


Speaking in more detail, we say that, in the vast majority of casés, 
extensive damage to the brain in the region of the corpus striatum on 
the left destroys speech, and that equally extensive damage in the corre- 
sponding region on the right does not affect speech at all! The reader 
will observe that there is no expression of opinion as to the very exact 
part of the brain injury of which produces loss of speech. Whilst I 


believe that the hinder part of the left third frontal convolution is the 


part most often damaged, I do not localize speech in any such small part 
of the brain. To locate the damage which destroys speech and to locate 


. Speech are two different things. ` The damage is, in my experience, 


always in the region of the corpus striatum ; but in this article it will 
suffice to speak of the half of the brain affected; it is admitted that 
there are exceptional cases; loss of speech has occurred from damage to 


- the region mentioned on the right, and the region on the left has been 


damaged without any ‘affection of speech. But the matter of most 
significance 1s that damage to but one hemisphere will make a man 
speechless. This no physician denies, so far as I know. 

I shall suppose in what follows that loss of speech results from 
damage to the left half of the brain, although it matters nothing for 
the argument which half it is. It is enough that there is in every. 
man one half, be it right or left, damage of which will make him 
speechless. ή 

Contradictory as it sel appear at first gins. I think the facts of 
cases of loss of speech from damage to but one—the left——half of the 
brain show conclusively that, as regards use of words, the brain ts double 
in function. But the verysame cases show also that the two hemi- 
spheres are not mere duplwates.in this.function. I hope to show two 
things—(1) that both halves are alike, in so far that each contains 
processes for words (2) that they are unlike, in that the left only 1s for 
use of words in speech and the right for “ other processes in which words 
serve." We shall afterwards show that these expressions are only used 
to mark extremes of degree. Anticipating what has to come, we say 
that “the right hemisphere is the one. for the most automatic use of 
words, and the left the one in which automatic use of words merges into 


!In this article I illustrate by cases of loss of speech, not by cases of defect of speech, 
I do this for the sake of simplicity ' As will be mentioned later in this paper, there are 
numerous varieties and degrees of defoct of speech from different degrees of damage to different 
parte, in the region of the corpus striatum. 

BRAIN.—VOL XXXVII. 6 
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voluntary ‘use of words—into speech. Otherwise stated, the rig 
half of the brain for the automatic use of words, the left the half 
the automatic and the voluntary use. The expression I have : 
used 18 that the left is the “leading ” half for words λος \ 
now say what we mean here by speech. 

Speaking is not simply the utterance of words. The u 
of any number of words. would not constitute speech, Spe: 
"propositionizing." Το this meaning the term speech must b 
kept; That the speechless patient cannot propositionize aloud is 
—he never does. He cannot propositionize internally. He can 
say ‘‘ gold is yellow " aloud nor to himself. The proof that he 
speak internally is that he cannot express himself in writing. 
write in the sense of copying writing, and can usually copy 
writing characters. Now, if he can speak internally, why: does 
write what he says to himself? He can say nothing to hime 
therefore has nothing to write.’ 

. For its character as speech it matters ‘nothing whether the 
tion be said to oneself or spoken aloud. Anatomically and 
logically regarded, we say that the same nervous processes are co 
ininternal as in external speech. The difference is that the ex 
of these nervous processes in speaking to oneself is'so sig 
the nerve currents developed do not spread to the articulat 
vocal muscles ; in speaking alóud the excitation is strong, and « 
do reach those muscles. This fundamental ‘similarity and su 
difference between internal and external speech must be kept. 
mind. 2 

` So, then, the ipach patient has lost speech, not only 
‘popular sense that he cannot-speak aloud, but in the fullest sei 
cannot propositionize im any fashion. If this be really so, we x 
say that speech is external thought, for there is no essential di 
betwixt internal and external speech. We speak not only to te 
people what we think, but to tell ourselves what we think. Spe 


ἃ 1616 evident enough that there is much behind speech ; a proposition is but ar 
series of mental processes and a beginning of another series, But these thin, 
concern us just yet. 


2 In cases of defect of speech there is difficulty m writing. In some cases of defect 
there remains considerable power of writing. I know that cases of loss of speech l 
recorded by eminent physicians, i which ability to write was not lost, The chron 
this kind that I have seen have been mostly cases of pretendàd loss of speech. Bei 
is 1t conceivable that a person who has lost spee: h should be able to express himself ir 
If a person can express himself in writing, he gives proof that he -has not lost spe 
. Must ‘speak internally before we write—before we express ourselves in writing. 
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part of thought—a part which we may or. may not exteriorize. Again, 
it is not well to say that thought is internal speech, for the man who is 
speechless (the man who has no internal speech) can think. How well 
or ill he can think we shall discuss later. His condition results from 
a unilateral lesion; his left hemisphere is damaged, but his right is 
healthy, and in that hemisphere there still, I suppose, lie processes for 
words. 

' There axe two ways in which words serve in thought; speech is but 
one way, and this, whether it be internal or external, is, speaking 
physiologically, a. function of the left cerebral hemisphere. 

Those who do not limit the definition of speech as we have done, 
would suppose that if a man had lost speech altogether (internal as well 
as external) there could be nothing further to say about words in his 
case; for ıt is sometimes assumed that words serve only in speech. 
But the cases of persons who have lost speech show, I consider, that 
speechlessness does not imply wordlessness!; for if I say to a man who 
cannot speak at all, ‘Gold is yellow” (or anything not difficult? or 
novel to him), he readily understands it. This shows that he still has 
processes for words in his brain. His “ideas” of gold and yellow are 
only to be reached through words. If he had not processes for words 
in himself, how could he possibly understand my words? My words 
revive his words. If they did not, I might as well speak to him in 
& language he did not understand, or clap my hands. 

To coin the word '' verbalizing," to include all ways in which words 
serve, I would assert that both halves of the brain are alike, in that each 
serves in verbalizing. That the left does is evident, because damage of it 
makes a man speechless. That the right does may be inferred, because 
the speechless man understands all I say to him on ordinary matters. 
And yet since the patient cannot repeat after me, even in writing, the 
proposition he so readily understands (since he can only receive it and 
cannot give it out), it follows that the word processes which remain in 
his right undamaged hemisphere are not of the same kind as those by 


! T ought to mention, however, that it has been said that cases of loss of speech give proof 
that thought is possible without words; it being tacitly assumed that the speechless patient 
is wordless. The speechless man can think, I suppose, because he has in automatic forms 
all the words he ever had; he will be lame in his thinking, because, not being able to revive 
words (to speak to himself), he will not be able to register new and complex experiences of 
things. 

3 In order that a healthy person may understand anything very novel or difficult, speech 
is evidently required —mostly internal, but it may be external. If a person be told anything 
complex, we may hear him telling 16 again to himself. This, I suppose, the speechless 
patient cannot do; but to superficial observation he understands everything. He under- 
stands tales read to him, and remembers their incidents. 
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which speech results. In.other terms, word processes are not of the 
same kind in each half of the brain. 

Let us consider the two different ways in which, as I suppose, words 
serve in the two halves of the brain. I illustrate by propositionizing 
and receiving propositions. Το receive a proposition and to form one 
are plainly two very different things. It is true that in each case our 
own nervous centres for words are concerned; but when we receive 
a proposition the process is entirely automatic, and unless we are deaf, 
or what is for the time equivalent, absorbed, we cannot help receiving 
it. When anyone says to me “ Gold is yellow,” I am, so to speak, his 
victim, and the words he utters rouse similar ones in me; there is no 
effort on my part; the revival occurs in spite of me if my ears be healthy. 
Moreover, the speaker makes me a double gift; he not only revives 
words in my brain, but he revives them in a particular order—he 
revives a proposition. Butif I have to say, “ Gold is yellow,” I have 
to revive the words, and I have to put them in propositional order. 
The speechless man can receive propositions, but he cannot form them 
—cannot speak. 

The left half of the brain is ‘that by which we speak, for damage of 
it. makes us speechless; the right is the half by which we receive 
propositions.! l 

But this is only an imperfect way of putting ıt. We, as anatomists 
and physiologists, have to do only wıth nervous processes for impressions 
and movements, and their conditions of energizing ; and, as before said, 
we have to bear in mind that the essential thing is excitation of nervous 
processes. We have not to dwell with exaggeration on actual move- 
ments from strong excitations. I say movements advisedly.  ' 

We have, as anatomists and physiologists, to study not ideas, but 
the material substrata of ideas (anatomy) and the modes and conditions 
of energizing of these substrata (physiology). Where most would say 
that the speechless patient has lost the memory of words, I would say 
that he has lost the anatomical substrata of words.’ 

! For fear of misunderstanding, let me now remark, that altnough betwixt propositionising 
and receiving a proposition there is the difference that in the former process there 18 usually 
actual utterance and in the latter usually only internal revival of words, this is not the 
most essential difference. The essential difference ıs not that betwixt the internal and 


external use of words, for speech may be internal; we can, and constantly are speaking to 
ourselves. The difference 18 1n, or corresponds to, the voluntary and automatic use of words. 


2 Psychology is the elder science; mental operations were studied before the brain was 
known to be the organ of mind, Hence, however much we may wish to study the anatomy 
and physiology of the higher parts of the nervous system witlout psychological bias, we are 
obliged, for lack of others, to use words which have psychological implications. The words 
“ voluntary " and “automato” are such words, but they are also used physiologically. 
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. The anatomical substratum of a word 18 a nervous process of a highly 
Special movement of the'articulatory series. That we may have an 
“idea” of the word, il'suffices that the nervous process for it energizes ; 
it is not necessary that it energizes, so strongly that currents reach the ' 
articulatory muscles.. How it is that from any degree of energizing of 
any kind of arrangement of any sort of matter we have “ ideas” of any 
kind is not a point we are here concerned with. Ours is not a psycho- 
‘logical inquiry. It is a physiological investigation, and our method 
must be physiological. We have no direct concern with ‘“‘ ideas,” but 
with more or less complex processes for impressions and movements. 

When movements of words are spoken of, it 18 not necessarily meant 
that actual movement of the articulatory muscles occurs. As already 
mentioned, there is in the left hemisphere during internal speech simply 
a slight excitation of the highest of the nervous processes of the articu- 
latory . series, which are strongly excited when words are actually 
uttered. Similarly, in the automatic revival of movements for words in 
the right side of the brain (as, for example, in receiving speech of 
others), there is supposed to be a slight excitation. These may be 
spoken’ of as nascent movements, or “ideal” movements. Saying 
nothing of dreaming that we are speaking, of dreaming of objects and 
: of the internal sight of the blind, there is plenty of positive proof from 
morbid conditions that central excitations give us ideas of movements 
when there are no actual movements. The most striking is the produc- 
tion of movements, necessarily ideal, of an absent hand by faradizing 
the'stump. The excitations in this.case must be central, awakened by 
a stimulus of the sensory nerves roused into activity by faradism. The 
excitation of sensori-motor processes for words, even in the right cerebral 
hemisphere, may be so strong that. these words are occasionally actually 
uttered. Thus, a speechless patient whose left hemisphere is damaged 
may occasionally swear when vexed: We now, therefore, classify the 
movements of verbalizing physiologically. into voluntary and automatic, 
"which classification corresponds to propositionizing and to’ receiving 
' propositions. So now I say the right half of the brain is for the 
automatic reproduction of movements of words, and the left the side for 
their voluntary reproduction. 

But here we must mention that this distinction is not absolute ; 
there are nowhere in the body absolute’ demarcations betwixt voluntary 
and automatic movements ; and there are in health all gradations from 
the most automatic use: of words to their most voluntary use. Let us 
show some of the steps‘ (1) Receiving a (2) Simple and 





ΟΝ THE NATURE OF THE DUALITY OF THE BRAIN 
[Continuation Medical Press and Circular, January 21, 1874, vol. i, p. 41] 


Tax double conclusion that the speechless man has lost speech (in 
the fullest sense that is, not being able to propositionize in any way), 
and that he has not lost the automatic use of words, harmonizes with 
the general law I have tried to establish as to the effects of all lesions of 
the cerebral division of the nervous system. The law, I believe, is that 
the most voluntary or most special processes suffer first and most. It 
is only the complementary expression to say that by lesions of the 
cerebral division of the nervous system, the patient is reduced to a more 
automatic condition. Thus, using the word language in an unusually 
extended sense, so as to make it include all modes of expression (passive 
and active), we can say that the patient who has lost speech 1s reduced 
to a more automatic condition of language. I will illustrate this point 
. at length. In doing so I must take into consideration the whole of the 

‘speechless man’s condition—what he can do 1n language as well as what 
he cannot do—or we.shall not be able to answer the question, “ What is 
the condition of the man's mind out of whom, so to say, speech has been 
taken?" I submit that this question is not put fairly when it is assumed 
that the speechléss man is wordless. 

Since there are all degrees of gravity of lesion—and many varieties 
in exact position of lesion—it is plain, & priori, that the “ varieties ” of 
defects of speech will be unlimited. And so they are. It is most 
important to bear this in mind. We shall, however, make an arbitrary 
limit. We shall continue to take for illustration a chronic case of loss 
of speech; we shall take a case such as may be fairly called “an 
ordinary specimen of loss of speech.” 

The first great illustration is that there is loss of the most (special) 
voluntary form of language (speech) without loss of more automatic 
(emotional manifestations). The patient smiles, laughs, and varies the 
tone of his voice, and may be able to sing. We find that pantomime 
which stands half-way suffers httle, and gesticulation is not affected 
at all. As I used to put it, there is loss of intellectual language with 
conservation of emotional language. 
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l - The next illustration shows an exception proving the rule. Most 

' so-called speechless patients cam utter the words “yes” and “no.” d 
of these words is in effect a proposition. See the great significance of . 
, this common exception; the patient has lost all speech except the two 
most automatic of all: propositions. And even these are often not pro- 
positional i in function; they are oftén only of interjectional. value; they are . 
uttered with variations of voice to show states of feeling, and are then. 


, purely automatic: _ Nay, we have in the case of one of these propositions , 


decisive evidence of the reality of the distinction we have. just made. 


‘The word “no” may be uttered uia P by a speechless patient: 


who cannot utter it voluntarily ; ; he can reply “no” o” when-he cannot say’ 


“no.” I will recapitulate these significant facia. ie ROUX 


There are three degrees ‘of use of the word " | It is-used most . 
voluntarily ‘(as speech) when the patient can say 5i when told. It is 
used more automatically when tlie patient can utter it in. reply’ 
correctly ;. and it 15 used most automatically when it only comes out 
like an ordinary interjection with, states.of feeling.! 

At this stage let us recapitulate. ‘As it were, looked. ‘at superficially, 


the speechless man is seen to ‘have lost’ the most voluntary or special ` 


, part of language (speech), and not to have lost the more automatic 
language of emotional manifestation. He is in this way reduced to a 
more automatic condition of language. And then, as it were, by-looking’ ᾿ 
' more closely, we see (vide supra) that of the double process of verbalizing 
che has lost the more special or voluntary half only; ‘for wé found that, . 
although he could not use words voluntarily (could not speak); he yet 
retained the automatic use of words (could understand what was said to" 
` him). Here, again, he: is seen to be reduced to a more automatic condi- 


tion of language. Taking this as being his ordinary condition we- dave :. 


now to consider what.occurs in his verbalizing series when he i is subject 
to strong stimulation. We shall find that, starting from that.extreme - 
of verbalizing which’ consists of the most automatic use. of words, and. 
which is intact, there occur utterances of diminishing degrees of guto- 


1 0f course, the man who has the first use has the second and third uses of the word. One 
of. my patients who could not say 'no" could utter it readily in reply to & question, and 
would, his wife told me, make his children “ behave when they were at the the top of'the` 
yard '" by shouting. “no, no, no; in an angry tone. This patient was the subjeot of clinical 
“remarks to my class at the London Hospital. I told the students that he could say “no.” 


But, to my chagrin, I could not get him to sayit.. This puzzled me, for I had heard him "^ 


utter the word scores of times, Soon it ogourred to me to ask the preposterous question, 
** Are you a hundred.years old 2" ‘Then he replied, cae 7" But, Sici μον when I 
siad, " Now say ‘No’ M iot. c ἤ 
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maticity nearly up to the simplest voluntary use of words (speech) which 
he has lost. (We shall show this from several cases.) Observe that we 
use the word “utterance,” for the patient cannot speak his utterances 
(cannot repeat them when he wills); they are brought out of him by 
strong stimulations, and these stimulations are, in the case of such 
deeply automatic utterances as oaths, wide bodily states (emotional 
states). , 

Under excitement the speechless patient may utter other words and 
phrases; but these also are exceptions proving the rule; they are inter- 
' jections, simple, as * oh," or compound, as “ God bless my life" Oaths 
and other more innocent ejaculations have, in spite of their proposi- 
tional structure, no propositional function. No man intends to say, nor 
18 believed by others to say, anything when he swears at his own eyes." 
The Communist orator did not really make a blunder when he began his 
oration, “Thank God, I am an Atheist," for the expression '' Thank 
God” is used by careless, vulgar people simply as an interjection, there 
being no thought at all about its primitive meaning. Such ejaculations 
' are verbal utterances more automatic than speech, and less automatic 
than the use of words in receiving speech of others. They stand betwixt 
the two extremes. Their automaticity is proved by the fact that the 
patient cannot repeat them; he may swear, but cannot say his oath. 
But we find still less automatic links than these betwixt the two 
extremes of verbalizing. 

It will be found that a patient who is speechless and who may swear 
will sometimes also utter words which are not merely automatic signs 
of his then state of feeling, but which have also a flavour of applicability, 
e.g., “That’s a lie.” Still the applicability is in such a case not special. 
Such an expression is used rather as an offensive missile than as a 
proposition. Nevertheless, it is a little less automatic than an oath— 
it is a shade nearer to speech. 

1 now give an illustration from a class of utterances higher still—an 
utterance under excitement of a less general character, or, otherwise 
described, nearer to speech—nearer to the voluntary use of words. My 
friend Dr. Langdon Down told me this very striking case: A woman 
was paralysed on the right side, and remained speechless for six months, 
when she died. She could always say “Yes, but you know,” but nothing 
more; there was one day a single striking exception. This was when 
a child was in danger of falling, and then she cried out “ Take care.” 


! Hence the line. “ He knew not what to say and therefore swore.” 
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utters. It is plain that he has somewhere in him processes for words; 
but the fact that they are uttered only under excitement, and that they 
are nearly always well-organized formule, and that the patient cannot 
repeat them, shows that they are not speech. Observe the two things: 
they are well-organized formuls, and they are only uttered under strong 
_ stimulation, which is not the “stimulus of the will,” to use a hackneyed 

expression. We may fairly conclude that they stand betwixt speech 
proper and the most automatic use of words, as in receiving speech of 
others. At the very least the evidence seems to me to point to the 
conclusion that in the speechless man the most automatic use of words 
is quite intact. The inference is, that in health there 1s in the verbaliz- 
ing process, of which speech is all that is apparent, double action. 

There is evidence of a still more general kind. I believe that double- 

ness in the verbalizing series is but one instance of doubleness in all the 
nervous processes of the organism. I will try now to show this. In 
‘the instances to be given I am not about to compare mental opera- 
tions with physical movements. I wish to compare the movements 
of words with other classes of movements.: Such a comparison could 
not be entered upon if we used: psychological terms, speaking of 
“ memory for words," instead of movements for words. I repeat, that 
we are not about to compare and contrast mental phenomena with 
physical phenomena, but physical phenomena underlying certain 
mental phenomena with other and grosser physical phenomena. 


direction or to keep his eyes still. Instead of opening them, he opened his mouth or screwed 
up his face or shut his eyes, and could not be got to look 1n any particular direction, although 
he seemed on the alert to act, and was all the time doing something with his muscles. On 
but one occasion did he get his tongue out, and then after the nurse had put hers out for his 
imitation. i 

Tt is only in the worst cases that voluntary power is damaged ın 16s most general manifesta- 
tions. But there area few cases in whioh the inability to protrude the tongue continues for 
some months. I have seen a speechless patient who usually sat up in his room, whose face 
looked intelligent, who was cheerful and merry, and who seemed to understand oll that 
I said to him, who could not put out his tongue when he tried His daughter, a very 
intelligent woman, remarked that he could put the tongue out, as she expressed it ‘‘ by 
accident,” and added, as an illustration of her meaning, that when anyone was leaving him 
he could say ‘‘ good-bye,” but that he could neither put out his tongue nor say '' good-bye " 
when he tried. He could say '' yes," and “no” at any time; and, using the lady’s expres- 
sion, could say, '' good bye," “well,” ‘‘ never,” by accident. She further remarked that the 
patient would sometimes swear. Although a foreigner, he uttered the short explosive woid 
which 18 so much in favour with English swearers, but he could not repeat the word when he 
tred. She asked him to utter the explosive sound when I was there. He laughed and 
shook his head. The facts of this cage are important The inability to put out tho tongue 
18 & fact of the same order as the imnabihty to speak. It may mislead the inexperienced to 
suppose that the speechlessness depends on paralysis of the tongue. The tongue, however, 1s 
not paralysed, the easiest proof being that the patient swallows well. i 
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If we look at the most automatic of visible movements—those of 
respiration—we see that they are double, although sides of the chest 
move nearly equally in range, and. they move nearly contemporaneously. 
It would be marvellous if the highest nervous processes differed funda- 
mentally from the lower. It would not, perhaps, seem marvellous if 
we were studying mental operations only from a psychological point 
of view, for 1¢ will be said that mental operations are under a different 
regime from ‘physical. We, as physiologists, of course must admit that 
the movements underlying mental operations differ from such move- 
ments as those of respiration. But what I do not admit is that they 
` differ fundamentally. The “form” of co-ordination will be the same 
throughout the nervous system, notwithstanding special differences. If 
there be double action in one part there will be in another. 

Since the movements of respiration are nearly equal.in range, and 
occur nearly if not quite together in time, there seems to be but one 
movement. ‘Itis a unified double." Thus, these movements seem to 
constitute, and in one sense do constitute, a linear series, but really we 
see that they are double. i 

Similarly the movements of verbahzing seem to constitute a linear 
series, but for a very different reason. If we limited ourselves to the 
voluntary process of verbalizing—to speech—we should have no doubt 
that there was only a linear series, for the words of proposition are in 
linear order. In reality, speech is but the result cf an earlier process. 
Before a proposition 16 uttered, before voluntary use of words, words 
must have been automatically revived. The double process in verbalizing 
seems to be linear, because the parts of the two halves of the brain , 
serving in verbalizing do, not, like the parts of the nervous system 
superintending respiration, act equally in range! and together in time. 
On the right half there is faint automatic reproduction of words before 
the stronger voluntary reproduction on the left. 

Το repeat, the most automatic of the visible movements of the body 
seem to constitute a linear series, because both sides act equally in range 
and together in time; the most special movements of the body, those 


! Strength of excitation of central nervous processes 1s tho equivalent of inorease of range 
of movements. The proper comparison may seem to be ns to differences in tho expenditure 
of nervous force in the two halves, As it appears to me, increase of quantity of nervous 
discharge tends not only to more powerful movement, but to movsment of a wider range ; 
if produces a compound effect. An increase and strength of excitation of the highest 
processes would be, on its psychological side, not only a more vivid conception of the 
leading idea, but the development of other ideas automatically associated with it, an 
increase of rango. 
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of verbalizing, for example, seem to constitute a linear series, because 
one half of the brain acts famtly and before the other; but in each case 
there is double action. The lower processes of the body are a near 
approach to a “dead double"; the action of one side of the chest is 
practically a duplicate of the other, and occurs at the same time;! but 
in ‘the higher processes the doubleness is marked, because of the two 
actions one is slighter than and occurs before the other. In each case 
the unit of action is double.? 

But, it may be asked, how do you know that speech is preceded 
by the automatic reproduction of words? A priori, the evidence 
is strong. 

That automatic action must precede voluntary action is, I submit, 
certain. In gross physical operations we see that it is so. We cannot 
use the hand before we fix the wrist, nor the arm before the shoulder 
is fixed, and in heavy strains with this limb, the chest is first fixed 
and the glottis is closed, after a full inspiration. The more automatic 
muscles must be in action before the more voluntary, or there would be 
no point d'appui. Taking a psychological illustration, we note that 
we desire before we will. 

In the case of speech we loosely remark that & person speaks as he 
likes; but how comes it that he does like to utter any particular pro- 
position. If I say, ' this blotting-paper 15 red," the words must have 
been automatically revived before I uttered them, or why should Í have 
said that? But saying they are automatically revived is not saying 
that they revive themselves. I had the images blotting-paper and red 

! The lower processes are, we see, co-axistent, I believe that the most fundamental law 
of developmental education of the mind ıs the continuous reduction of successions to co- 
existences. Things, as voice, automatic use of words, and voluntary use of words, which were 
developed in successive order, come more and more nearly into simultaneous order; this 18 
one aspect of becoming more and more automatic. The child is born with voico, then 
acquires automatic use of words (being able to receive speech before it 18 able to speak), and 
then speaks (probably first appropriating simple speech formule of others). After awhile all 
these progressively added operations occur practically simultaneously in the utterance of 
conventional phrases, or, at least, m such ubterances as ‘‘ You don b say so?” used inter- 


jectionally. Operations occupying many separate units of tume come to occur in fewer or in 
8 single unit of time. 


5 Besides, a proposition 18 not a string of symbols, each word referring independently to 
that perception of which it is the symbol. The meaning of a proposition is one, not two 
meanings in juxtaposition, 


3u That every one 18 at liberty to do what he desires to do (supposing there are no external 
hindrances), all admit; though people of confused 1deas commonly suppose this to be the 
thing denied But that everyone 1s at liberty to desire or not to desire, which 18 tho real 
proposition involved im the dogma of free will, is negatived as much by tho analysis of 
consciousness as by the contents of the preceding chapter" (Herbert Spencer, ‘‘ Principles 
of Psychology," second edition, vol. i, p. 500). 
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in my mind, and these roused the two words automatically before those 
words could be put in propositional order, before speech was possible. 

So far we have spoken only of words, but since words have no 
meaning unless they refer to things, there is a mental process besides 
verbalizing. l 

In popular language words are said to contain or to be symbols of 
ideas. . In physiological language we say that the highest sensori-motor 
processes of the word series have organic connexions with the sensori- 
motor processes of other series. In illustration, we shall take one other 
series, that which refers to objects. We shall, for convenience, speak 
of gross and simple external objects. 

_In taking for illustration the two senses, sight and hearing, and the 
movements corresponding,’ we are illustrating by the two most im- 
portant elements of the anatomical substrata mind. The greater part 
of our mental operations are carried on in auditory and visual ideas. 
In the investigation of what is often called the “ physiology of mind,” 
‘these two senses, or aus the cerebral processes thereto corresponding, 
axe our chief concerns.’ 


the uni& of composition of the highest nervous processes is of a kind fundamentally different 
from that*of the lower ; it will be a sensori-motor process in the highest as well as the lowest. 
When we abtually see a brick there 18 necessarily a motor element, and 1n ideally seeing it— 
seeing 16 mentally when it is absenz— there will be a nascent excitation of the element of the 
central process, corresponding with ocular movement as well as of that corresponding with 
retinal impressions. The sensory element corresponds to the '' sacondary," the motor to the 
' primary” qualities of the brick, As will be mentioned farther on, I think that the anterior 
part of the cerebrum 1s the chiefly motor region, and the postericr the chiefly sensory region 
of the brain. This is almost equivalent to saying that in the highest ranges of evolution the 
sensory and motor. elements of nervous processes are largely separated geographically ; but 
this does not imply that they do not act together, together m the sense of immediate 
succession I mean, for in the simplest reflex action the movement follows the impression. 
But in the highest processes the move does not, we may suppose, follow immediately. I 
believe the separation 1η) the highest processes 16 significant in what is psychologically 
abstraction. To take a narrow illustration: after seeing a red square and & blue round we 
can think of a red round and a blue square. We can transpose primary and secondary 
qualitias ; we can transpose ocular movement and retinal impressions. 


4 Mental actions, ordinarily so-called, are nearly all carried on in terms of those tactual, 
auditory, and visual feelings which axhibit cohesion and consequent ability to integrate in so 
conspicuous & manner. Our intellectual operations are, indeed, mostly confined to the auditory 
feelings (as integrated into words), end the visual feelinga (as integrated into 1mpressions and 

.ideas of objects, their relations, &nd-their motions). After closing the eyes and observing 
how relatively immense 18 the part of mtelléctual consciousness that 1s suddenly shorn away, 
it will be manifest that the most developed portion of perceptive mind is formed of these 
visual feelings which cohere so rigidly, which integrate mto such large and numerous 
aggregates and which re-integrate into aggregates immensely exceeding in their degree of 
composition all aggregates formed by other feelings. And then, on naing to what we, for 
convenience, distinguish as rational mind, we find the integration taking a still wider 
reach" (Spencers '' Psychology,” vol. i, p. 187). 


hie corresponding ” because I consider it to be erroneous to suppose that 
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Just as we have in our brains educated processes for a great number 
of words, so we have educated processes for a great number of objects. 
The sensori-motor processes of the former are central processes built 
out of auditory impressions and consequent articulatory adjustments. 
(These we may label the audito-articulatory series.) The processes 
educated in objects are central processes built out of retinal impressions 
and ocular adjustments. (These we may conveniently call retino- 
ocular)! Thus we learn the word ball, by hearing it, and by the 
consequent articulatory adjustments. We “learn” the object ball by 
receiving retinal impressions and by the occurrence of consequent ocular 
adjustments. There 18 a motor element in each of these series. Since 
the two were learned together the two learnings grow up in inseparable 
association. The sensori-motor process for the word “ ball" is ın such 
organic connexion with the sensori-motor process for the object ball that 
when one is developed by excitation the development of the other must 
follow, provided the excitation of the former be strong enough. This 
is what I suppose is the anatomical and physiological equivalent of the 
popular saying that a word “ contains an idea.”: 

The next question is, “ What are the relations betwixt these two 
series, the audito-articulatory and retino-ocular,” the process for words 
and images of objects ? 


1 For simplicity I arbitrarily exclude the other movements of the body which are con- 
cerned with or after ocular movements. 


L 


ON THE NATURE OF THE DUALITY OF THE BRAIN. 
[Continuation Medical Press and Circular, January 28, 1874, vol. i, p. 68.] 


WE have seen that the speechless patient does understand what we 
say to him. But we have only traced the process by which he under- 
stands so far as the automatic revival of words on the right side of his 
brain. There must be something further; for if my saying to him, 
“ gold is yellow,” only revives those words (no further process occurring 
within himself) he can receive no information at all; for words by 
themselves have no meaning; they are symbols. But the words' 
revived, next revive in him the images of the things they symbolize, | 
“gold” and “yellow.”? I reach these images through the automatic 
revival of words in the right half of his brain. He assents to this 
statement, but he dissents when I say “gold is black." But in the 
latter case the same process must occur. He cannot deny that “ gold is 
black ” if the images of “ gold" and “black " ave not revived. He can- 
not believe that gold is black, because, never having seen black gold, and 
having often seen yellow gold, the word “gold” automatically develops 
the process for the colour yellow; the stronger association has its way.’ 
In short, there ıs intact in the speechless man all the processes 
he ever had for the recognition of objects (which is putting ideas of 
objects, if I may so speak, in propositional order). The speechless 
man has lost speech only. His audito-articulatory series 15 damaged 
in one half of his brain, but his retino-ocular is damaged in neither 
half. Hence, although he cannot name them, he recognizes ojbects, 


! The following quotation is of interest with regard to the “ideal” reproduction of 
movements Herbert Spencer says: '' To remember the colour red is to have, in a 
' weak degree, that psychical state which the presentation of the colour red produces." “To 
remember a motion just made with the arm is to have a feeble repetition of those internal 
states which accompanied the motion—is to have an incipient excitement of those nerves 
which were strongly excited during the motion " (‘‘ Principles of Psychology,” vol. i, p. 448). 


1 Although in this paragraph I use the word ‘“‘image”’ for convenience (meaning thereby 
the mental ‘‘ideal” representation of an-object), we must bear in mind that, as 18 implied 
in the preceding paragraphs, movement enters into the anatomioal substratum of. every 

`“ image.” The anatomical substratum for the (mental) representation of the object brick, 
contains a motor element as much as the anatomical substratum of the word '' briok " does. 
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he pomts out in a picture any object which we name; although he 
cannot read he recognizes handwriting; although he cannot write he 
can copy writing, and he may be able to play at cards or dominoes. In 
none of these things is speech (the voluntary revival of words) con- 
cerned, and thus, a priori there is no reason to expect that the speechless 
man should be unable to perform them. For these things the action of 
another series is required, the series for the recognition of objects—the 
series for putting objects in relation to one another, making “propositions 
of objects.” This series we have called “retino-ocular.” If these 
processes were not intact in cases of loss of speech the patient could 
not even find his way in the streets, he could not preconceive his way. 
For when we go from one place to another we must make, so to speak, 
a proposition of the images of the two places, or of stages betwixt. 

Let us state some of the facts in the last paragraph in another way. 
The speechless man cannot say “brick”; that he cannot say it aloud 
is plain, but he cannot say it all, for he cannot write it; nor helped 
mechanically can he “make the word” when large printed letters are 
supplied to him. He cannot “ speak” the word to himself and so he 
cannot spell it. If, now, I say to him, “ Give me a brick," he will do it 
instantly. The automatic use of words remains, and by these I can 
reach his images of objects. Some physicians say of such a case, “ He 
retains the memory of the word.” It will seem & strange assertion, but 
I do not think he does. To remember, or rather to recollect, a word 
is to be temporayily conscious of it; the physiological process being 
energizing of the sensori-motor process. I believe the word we utter 
is only a sound to his consciousness, not a special symbol, not a sound 
arbitrarily referring to some thing; but it is a sound which has (the 
consequent auditory change, I should say) organic connexion with the 
automatic movement for the word “brick,” and it is through this 
automatic and entirely unconscious process that the nervous process for 
the image of the object brick is reached. I do not believe that the 
man who cannot say (nor write) the word brick can be said to have a 
* memory " of it (be conscious of the word itself). He has no conscious- 
ness of zt, but of the thing it is the symbol of—a very different thing. 
There is nothing strange in supposing that there is an unconscious use 
of words. The hypothesis accords with the law that the more opera- 
tions are automatic the less are we conscious -of them; of the most 
automatic of the bodily operations we are not conscious at all. 

We have concluded that the verbalizing (or audito-articulatory 


series) is double, and now we have-to infer, we have, indeed, already 
BRAIN.—VOL, XXXVII. 7 
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implied, that the retino-ocular series is double also. But just as we - 
did not consider the audito- -articulatory series to be in mere duplicate 
so we do not consider the retimo-ocular series to be in mere duplicate. 
It must be admitted, however, that the direct evidence in favour of 
the doubleness of the latter series, or rather of the nature of its double- 
ness, is very vague and fragmentary. But there seems to me to be, 
a strong a priori warrant for the assumption that there is in ıt a 
doubleness analogous to that in the audito-articulatory series. That 
there is nvoluntary revival of images seems to me to be clear, since 
I can compel any one to have before him an image, for example, 
_of a horse, by ‘uttering the word in his hearing. I do this not . 
only without his aid, but in spite of him. Again, it seems clear’ ` 
‘that no one can think of ‘an object before i; is presented to him! 
before it 16 revived; it must be automatically revived before it is 
voluntarily revived (“ subjective" action prior to “objective” action). 

To say that a train of thought leads up to it "spontaneously" 
really saying this. 

I submit that one half of the brain.is for the automatic revival 
of images and one for their voluntary revival. Before giving the 
reasons for this hypothesis I would remark, that limiting mental 
operations to the audito-articulatory and retino-ocular series, the 
speechless man has thought so far as reviving images go. He has 
words which can be automatically revived so.as to place images of 
‘objects in order. Although he has but one side for verbalizing— 
the automatic side—he has according to my hypóthesis, two sides 
for the revival of images, and thus he can stil think, can stil have 
certain relations of likeness and unlikeness. No doubt he is lame 
in his thinking. He will be unable to learn novel and complex - 
things, for he will be unable to keep before himself the results of 
complex arrangements of images. He cannot speak to himself, to 


! Ib seems to me that this view clears the difficulty stated under the heading, '' Atten- 
tion," pp. 181 et seg of Mansel’s s “ Metaphysics " "It appears certain," Mansel says, “ on 
the one hand, that, in order to arouse the atiention of any sensible phenomenon, that 
phenomenon must first be presented to consciousness; while, on the other hand, 16 has been 
argued, with some plausibility, that unless the attention be previously sroused, consciousness 
has no intimation of fhe existence of the phenomenon st all.” Again, '' Is the phenomenon 
of which we become fally conscious by attention the same phenomenon that it was before we 
attended toit? Or has attention itself added an element which brings it within the sphere 
of consciousness?" — : 

The reader will have remarked that we use the expression “ to recognize” (not ‘to seo"). 
To recognize a thing is really an sot of olasaification (Spencer). It is really putting the 
image of it ina '' proposition” with another 1mage—the image of an object presented with 
one respresented; The speechless man can recognize. 


HUGHLINGS JACKSON ON APHASIA AND AFFECTIONS OF SPEECH 99 


tell himself what be has managed to think of, things presented or 
represented in very novel and complex relations. He can bring two 
‘images into co-existence, existence 1n one unit of time, but cannot, 
without speech, organize the connexion, if it be one of difficulty. 

Before, however, we can consider which half of the brain is 
concerned in the voluntary and which in the automatic revival of 
images, we must consider in which region of the hemisphere the 
revival of images in any way occurs. I believe ib is chiefly’ in the 
hinder part—in the posterior lobe—in other words, in the region of 
the thalamus opticus. That it is not chiefly in the anterior lobe (in 
the region of the corpus striatum) of either side is certain, for 
damage here scarcely ever produces any other mental defect than 
that of (by damage of the left half) affection of speech. The revival 
of images, I believe, chiefly occurs in the posterior regions of the brain. 
Evidence that the function of the posterior lobes differs in some way 
from that. of the anterior, is that Lockhart Clarke has found the 
intimate structure of the convolutions to differ in the two regions. 
Difference of structure of necessity implies difference in function. 
It would seem that the posterior lobes are more important in 
intellectual operations. Dr. Charlton Bastian concludes an important 
article (“ The Human Bram,” Macmillan’s Magazine, November, 1865, 
p. 71), by saying: “ Still, broad groups of functions may be more 
intimately connected with particular lobes, and, if such be the case, 
then we believe the evidence in our possession points to the posterior 
rather than to the anterior lobes of the cerebrum as those concerned 
more especially with the highest intellectual operations." (The italics 
are mine.) The posterior lobes are rarely damaged by any soit of 
pathological change, and thus ıb is difficult to settle the question by 
cases of disease. But the following quotation from Rosenthal strongly 
supports Bastian’s opinion: “In the case of new growths in the 
posterior lobes the psychical disturbances are tncomparably more 

1 I say “ chiefly ” because I do not believe ın abrupt geographical localizations, Thus, 
very sudden and very extensive damage to any part of the left cerebral hemisphere would 
produce some amount of defect of speech, and I believe that simile. damage to any part of 
the right hemisphere might produce some defect of recognition. 

I may here say also that, so far as I have yet seen, the difference in the two sides 1n the 
retino-ocular series 15 not go sharply marked as in the case of the audito-aticulatory. Not 
very long ago I diagnosed that a patient had tumour in his right posterior lobe, on account 
of a mental affection which was not loss of speech; the tumour was in the left posterior 
Aedilis Iam convinced that disoase of the 14ghi cerebral hemisphere 18 more likely 


to cause mental defect (other than affection of speech) than 18 disease of the left; and, again, 
that mental defect 1s more likely to result the farther back m the homisphere the damage is. 
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frequent than in that of tumours of the anterior or middle lobes.” 
(The italics are mine.) 

So far we have concluded that the revival of images does not 
occur in the anterior lobes, and we have brought evidence to show 
that the posterior lobes are more important than the anterior in 
intellectual operations. The latter is almost equivalent to saying that 
the posterior lobes are the parts in which revival of images occurs; 
for the greater part of our intellectual operations is carried on in 
images, in eye-derived or, as we call them, retino-ocular processes. : 
On the relative importance of visual ideas I have ‘already ane 
Spencer. 

I think that the left is the side for the automatic revival of images, 
and the right the side for their voluntary revival, for recognition: I have 
two reasons for thinkmg so. The first is one supported by anatomical 
facts. The following extract from an article I published [17] contains 
these facts: “ It would seem by certain observations of Gratiolet—which 
are embodied in the following extract from M. Baillarger’s address before 
the Academy of Medicine—that there 1s "crossed development of the 
brain,” if we may take the corpus striatum and thalamus as fixing 
the (chiefly) motor and sensory regions. The fivst part of the quotation 
refers to M. Trousseau’s views on the possible explanation of the 
rightsidedness of the paralysis of speechless patients .— 

* Deux faits anatomiques ont ici une assez grande importance.’” 

'" De ces deux faits, le premier relatif à la circulation a déjà été 
rappelé par M. Trousseau. C'est que l'artére carotide gauche nait 
directement de la crosse de l'aorta tandis qu'à droite cette méme 
artère nait du tronc brachio-céphalique. i 

“Le second fait a été signalé par Gratiolet, ce professeur si eminent, 
dont la scence déplore la perte récente. 

“Il m'a semblé, dit-il, par. suite d'une série d'observations con- 
sciencieusement étudiées, que les deux hemisphères ne se développent 
pas d'une manière absolument symétrique. Ainsi le developpement des 
plis frontaux paroît se faire plus vite à gauche qu'à droite, tandis que 
l'inverse a lieu pour les plis des lobes occipitaux et sphénoidaux.’” 
(Leuret et Gratiolet, “ Anatomie du Système Nerveux,” p. 241.) 

It would seem by this, at all events, that the “important side” of 
the left hemisphere is the anterior lobe, and the important side of the 
right the posterior lobe. However, I have to say that Carl Vogt denies 
the truth of the observation that the left frontal convolutions are 
developed in advance of those of the right. Whether Gratiolet's 
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statement that the sphenoidal and occipital convolutions of the right 
side are developed in advance of those of the left is denied or not I 
do not know, nevertheless, his name will have some weight to keep the 
question an open one. M. Barkow, and after him M. Broca, find ‘‘ que 
les circonvoultions sont notablement plus nombreuses dans le lobe 
frontal gauche que dans le droit, et que tout à contraire le lobe occipital 
droit est plus riche en circonvolutions que le gauche. (The italics are 
mine.) Carrier (" Etude sur la Localisation dans le Cerveau de la 
Faculté du Langage articulé "), from whose admirable paper I take this 
observation, goes on to say, that Broca finds that the left frontal lobe 
is sensibly heavier than the right, and that since the two hemispheres 
are nearly of the same weight, there must be Sen oy 
difference in the two occipital lobes." . 

These anatomical facts, I submit, support the view 1 put forward, 
that the posterior lobe—or let us speak more generally—the hinder part 
of the brain on the right side, is the chief seat of the revival of images 
in the recognition of objects, places, persons, &c. The other evidence is 
supplied by cases of disease, and I may at once say that ıt 1s slight 
and doubtful. 

But before we proceed to this evidence we must consider how loss 
of power to revive images voluntarily—that is, recognize——would appear 
as a symptom; in other words, what would be the obvious result of 
damage to the retino-ocular series; in other words still, what in the 
retino-ocular series would correspond to loss of speech in the audito- 
articulatory series. Such a condition would be one of imbecility. 
The condition of a patient who could recognize nothing, would pass as 
a general, not as it really would be, a special mental symptom. In 
such a case speech would be affected in a sense, still, in the strict sense, 
speech would not be affected, i.e., directly affected. The patient would 
have no motive to speak, he would have nothing to speak about. 

In a minor degree, such a state would be one which the patient or 
his friends would call "loss of memory.” The patient would have 
difficulty in recognizing things; he would have difficulty in relating 
what had occurred, not from lack of words, but from a prior mability 
to revive images of persons, objects, and places, of which the words are 
the symbols. He would not be able easily to objectivize. He could 
not put before himself ideal images of places one after another; could 
not re-see where he had been, and could not therefore tell of it in words. 
This again might be looked on as a general mental defect, not cs a 
defect really as special as defect of speech. 
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It may be well to give an illustration of the kind of defect: A 
patient who was in the London Hospital supposed that she was at the 
place in Holborn where she had worked for some years, a place the 
image of which was in her mind more automatic. It was a case of 
mis-recognition, analogous to a mistake in uttering words more 
automatic than those intended. 

We come now to evidence from cases of disease. I have noted that 
in cases of left hemiplegia, especially when the leg suffers more or 
recovers later than the arm, there is what seems at first glance a 
general loss of mental power, but which, as above said, is probably as 
special a loss as affection of speech is. In cases of hemiplegia, where 
the arm suffers much more than the leg, I believe the lesion to be 
placed in the region of the thalamus, that is, in the region of the 
posterior lobe. 

Trousseau, speaking of those cases of hemiplegia in which the arm ' 
recovers more rapidly than the leg does, remarks that the patient is 
worse off than when the reverse obtains. It is not quite clear that 
Trousseau refers to failure of intellect. I think he does, for he relates 
in illustration the case of a man who died in a state of perfect 
imbecility, and he predicted that the woman whose case was the text 
of his lecture would die within the year a.thorough imbecile. It is 
important to observe that the man had excruciating pain, and this 
symptom also Trousseau believed would follow in the woman’s case. 
The late Dr. Bazire, in œ footnote to Trousseau’s lecture, speaks of 
the case of a patient who was seen ın private practice by Dr. Ramskill . 
for hemiplegia like that Trousseau spoke of. In less than a year this 
patient died, “completely demented.” | 

But Trousseau says nothing as to the importance of the side affected 
in these cases. He mentions the side paralysed, it was the right; and 
so 16 was in Dr.’ Ramskill’s patient, and as right-sided paralysis is 
evidence of disease of the left hemisphere, I have to point out 
prominently that these cases are in antagonism to the view I take, 
namely, that the right posterior lobe is the more important one. 
There were no autopsies, however, and therefore these cases do not 
tell conclusively against ıt. In each of the three cases, the imbecility 
came on some time after the paralysis, and thus it may be said that’ 
there was & double lesion, one on each side of the brain. I will not, 
however, avail myself of this explanation, because, as the imbecility 
occurred, so far as I know, without any further attack, it is simply 
begging the question. The defect I speak of is mainly a sensory defect, 
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and thus it does not follow that (as loss of speech depends on disease of 
the brain near the corpus striatum), loss of power to recognize depends 
on changes near to the’ thalamus ; they may be deep in the posterior 
lobe.. » 

' Às will be seen, my facts are, very few, but I do think that patients 
who have that variety of left hemiplegia.in which the leg suffers more 
than the arm, have greater mental defects of the kind I speak of than 
- occur in other kinds of hemiplegia on the right or left. 
` . It is important.to note the effects of plugging of the posterior 
cerebral artery, which vessel suppliés the -posterior lobe, and also (what 

is significant) sends 8 branch to the corpora quadrigemina. I have seen 
' but one-case of this kind, and as in that case-both posterior cerebral 
arteries were blocked, and also the’ right middle cerebral, the case is 
scarcely, ΠΟ mentioning, as evidence. 


a 


, REMARKS ON NON-PROTRUSION OF THE ‘TONGUE IN 
SOME CASES OF. APHASIA. ` 


pam Lancet, May 18, 1878, vol. i, p. Τ16.] 


RESPECTING this interesting and curious: siaal phenomenon, Dr. 
Hughlings Jackson remarked :— ZR 


It will have been notjced by. every médical man that some patients - 3 


' who have loss or defect of speech do not put out the tongue when they, '' 
are asked. Forthe present we- ‘shall consider cases of loss of . speech. 

‘The patients know what is wanted; they'do the preliminary thing— ` 
opening the mouth—but very ‘often the tongue hes flat and motionless 
in the floor of the oral cavity. ‘The patient may put his, fingets in. his. 
mouth to help the organ out. That the tongue is not , paralysed (we : 
mean in the ordinary medial sense of the term paralysis may be. 
proved in several ways. Ass rule, the ‘patient, who can say nothing, 
can utter something ; he hasa stock word or phrase which comes out 
at any time. This is best called a “recurring utterance.” The word 
‘or phrase being clearly articulated, is decisive ‘evidence that the tongue, 
' is not paralysed. "Then there are in some casés “occasional utterances.” 

The patient may swear, or get: out more innocent ejaculations as “Oh 


dear!” “These also: are clearly articulated. : Yet very early in a case ; ^ 


of loss of speech there may be no sort of utterance. Then we can 
, demonstrate that the tongue is not paralysed by getting the patient to 
eat and drink. He will eat and' swallow ‘quite well, which he could not 
do were his tongue paralysed.. Again, after failing to put out his tongue 
' when he tries, the: ‘patient may stick it out wellto lick his lips. In one ' 


case an aphasic. woman was vainly urged to put out her tongue. Mr. `) 


Lewis Mackenzie, the resident medical officer, got it out by a trick;' 
.he had’ found that after drinking she would stick her rongas out to 
, lick her lips; she did šo on this occasion. 

~ This 16 a matter of great. importance. ‘In some cases of acute 
z cerebral . disease the non-protrusion of the tongue would be-of great i 
value in helping to the diagnosis, of aphasia, as one symptom of that a 
acute disease. In any, case it would be á great blunder to suppose there | |, 
. to be paralysis of ihe'tongue from disease of. the pom nerves or their 
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nuclei in the medulla oblongata, because the patient did not put out his 
tongue when asked, and when he tried. It is a thing of great scientific 
interest; considered along with some other symptoms of aphasia, it 
gives us æ clue to the physiology of the whole of aphasia. Let us 
mention some other symptoms of fundamentally like significance. 
Those who have examined the eyes of many aphasics will remember 
cases in which the use of the ophthalmoscope was very difficult; some 
aphasics do not, and apparently cannot, direct their eyes as they are 
told. Of course, in some cases of aphasia, there may be for a few hours 
or days, or in rare or severe cases for several weeks, lateral deviation of 
the eyes, from the side paralysed, as part of the hemiplegia; but we 
just now refer to chronic cases-in which there is no ordinary affection 
of the ocular muscles; the difficulty is not in looking to one side m 
particular. Indeed, we see the same kind of thing in some people whose 
nervous systems are sound. Some people are unable to draw in their 
breath deeply when told to do so during stethoscopic examination; we 
have to téll them to cough. It is next to impossible to get some 
patients to frown (as in suspected one-sided facial paralysis), even if 
we make a frown for them to imitate. Returning to aphasia. The 
recurring utterance 16 often “Yes” or “No,” or the patient may be 
able to utter both these words. Some of these patients can utter 
* No" emotionally, and some can do this, and can also reply with it 
(use it propositionally). But of those who can reply with it, there are 
-some who cannot say it when told. After failing to get them to say 
it when told, we can easily get the word' out as a reply to a question 
requiring dissent. Similarly of occasional utterances of less auto- 
maticity; a patient may swear well on proper (scientifically proper) 
occasions, and yet be unable to repeat the ejaculation, or any word of 
it. The same applies to occasional utterances of still less automaticity, 
as is illustrated by the following excerpt from an unpublished paper by 
Dr. Hughlings Jackson, written ten years ago: "I have seen a patient 
who usually sat up in his room, whose face looked intelligent, who was 
cheerful and merry, and who seemed to understand all that I said to 
him, but who could not put out his tongue when he tried. His daughter 
remarked that he could put the tongue out, as she expressed it, ‘by 
accident,’ and added, as an illustration of her meaning, that when any- 
one was leaving him, he could say ‘ good-bye,’ but that he could neither 
put out his tongue nor say ‘good-bye’ when he tried. He could say 
‘yes’ and ‘no’ at any time; and, using the lady’s expression, could 
say ‘good-bye’ ‘well,’ ‘never’ by accident. She further remarked 


ον -ARERCTIONS OF: SPREGH. FROM DISEASE OF THE 
a BRAIN. : 


qm 1819, vali i, P. 04]. ᾿ E 


_ Ar is "very “difficult for many. ‘Teasons | do cune. on’ affections of 
speech, ‘So much, | since the memorable researches of Dax and Broca, 


has been done i in the investigation of these cases of disease of the brain, 


| that there is an embaras :de richesse in material. To refer only to 


. what. has» beri done in this country, we’ have the names of Gairdner, 
Moxon, ’ Broadbent, William ‘Ogle, Bastian, John .W. Ogle, Thomas 
Watson, ^ Alexander Robertson, Treland, Wilks, “Bristowe, Ferrier, 
i Bateman, : ànd, others. Τό, ‘Wilks, Gairdnet, Moxon, Broadbent, and 
d Feirier, I feel under great. obligations.-- Besidés recognizing the value 
‘of Broadbenit’s work-on this ‘subject, I have-to acknowledge i a particular 
indebtedness to him. . Byoadbent’s:: ‘ hypothesis, a. verified - hypothesis,’ 
sis, I think, essential ‘to the methodical investigation of affections of 
. Bpeech. Let me give at once an illustration of 1ts value. It disposes 
"f the difficulty theré otherwise: ‘would be in holding (1) that loss of 
“speech 18, on the’ physical side, loss of, nervous arrangements for highly 
' special" and complex articulatory movements, and (2) that in cases of 
' loss of, speech the articulatory muscles are not patalysed, or but slightly 
paralysed. , I ‘shall ' assume that, the reader is well acquainted with. 
| Broadbént's ‘researches on. the ‘representation ‘of certain movements of 
the two sides of the body i in’ each side of the brain; the reader must 
. not assuińe'- that Broadbent endorsés: the applications. I make of his 


x "hypothesis. The'récent encyclopaedic’ : article on Affections of Speech, 


. by Kussmaul, ‘in Ziémssen's “ Practice of, Medicine," is very: complete 
Kal ahd highly original It is worthy-of hos careful study. 

“The ‘subject, has so miany’ sies psychological, anatomical, physio- . 
logical, and: pathological—that it i&-very difficult to-fix on an order of 
exposition? “It ‘will not do:to consider affections of- -speech on but one of 
thèse sides. “- To: show how. they mutually bear, we must see each dis- 
tinctly. . For exainple; we must. ‘not confound the physiology of & 6869 
with its: ‘pajhology, by using for éifher^ ihe vague term “ disease." Again, 
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we must dee ignore λίρας when. speaking of the physical : 
. words, being content with: morphology, as in saying that’ words “ 
‘in this or that part: of the brain. ‘Supposing we could be certain ü 
‘or that grouping of cells and netve-fibres- was concerned i in speect 
its being always ‘destroyed when speech is: lost, we should still J 
- find out the anatomy of the’ centre. Even supposing. . we wel 
‘that the psychical states called words, and the nervous States 
'"oéntre for words;" were the’ same ‘things, we should still ‘ha 
“anatomy of that centre to consider. The “morphology of. a centi 
‘with its shape, ‘with, its “ geographical ” ‘position, with the ‘siz 
‘shapes of its. constituent elements. A ‘knowledge. of the. anatom 
‘centre is 8 knowledge of the parts of the ‘body’ represented in 
το the ways'in which these parts àré therein fepresented. . W: 
„much has been learned : 88 to” the morphology ‘of the cerebrum—c 
topography—it is chiefly to. the recent researches of. Hhtzig and ; 
that we are indebted for our "knowledge of, the. anatomy of many 
convolutions, that i is, 8 knowledge: of the parts of. the: body thes 
volutions represent. Tt is supposed that, the: anatomy of ‘the Į 
the: brain concerned with words” is that: they are. cerebral I 
arrangements repřesenting the articulatory, muscles in very spec: 
‘complèx. movements.: Similarly, ‘a ‘knowledge ; of the anatomy 


.' centres concerned during visual ideation is:& knowledge. οἵ those’: 


_of the brain where: certain: parts 'of thé organism (retina and 
` misclea) are "represented: in particular and: ‘complex combinatio 
merely matérialistic ox’ morphological explanation of- speech or 
supposing . one could be given, is not an anatomical expla 
Morphologically, ` ‘the ‘substrattim of a word or Οἱ a syllable is 


'. up of.nerve-cells and fibres ;. anatomically speaking, "we say it is 


-up of nerve-celle: and fibres ασε some κα artic 


: movement. 


"Unless we “most: carefülly. /üisbirgülsh  bobwixt psychology à 


. . anatomy and physiology of the nervous system - ‘in this, ingu: 


--shall not, see the fundamental ‘similarity. there is betwixt the 
often ‘described in psychological phraseology as “loss of mem 


: words,” ‘and the defect called ataxy of articulation., A, ihetliod 


is founded on classifications which -are’ partly : anatomical and,” 
logical, and’. ‘partly, psychological; confuses the-real issues, ' These 


5 classifications. lead ‘to the use-of such expressions 88. that an: 


„a πο produces an antiéulatory movement; whereas.’ a -psychica 
an Re “idea of & word" (or imply ^ a word") cannot produóe. an 
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latory movement, a physical state. On any view whatever as to the 
relation of mental states and nervous states such expressions are not 
warrantable in a medical inquiry. We could only say that discharge 
of the cells and fibres of the anatomical substratum of a word produces 
the articulatory movement. In all our studies of diseases of the nervous 
system we must be on our guard against the fallacy that what are 
physical states in lower centres fine away into psychical states in higher 
centres; that, for example, vibrations of sensory nerves become sensa- 
tions, or that somehow or another an idea produces & movement. 
Keeping them distinct, we must consider now one and now another 
of the several sides of our subject; sometimes, for example, we consider 
the psychical side—speech—and at other times the anatomical basis 
of speech. We cannot go right on with the psychology, nor with the 
anatomy, nor with the pathology of our subject. We must consider 
now one and now the other, endeavouring to trace a correspondence 
betwixt them 
I do not believe it to be possible for anyone to write methodically 
on these cases of disease of the nervous system without considering 
them in relation to other kinds of nervous disease; nor tio be desirable 
in & medical writer if it were possible. Broadbent’s hypothesis is 
exemplified in cases of epilepsy and hemiplegia, as well as in cases of 
affections of speech, and can only be vividly realized when these several 
diseases have been carefully studied. Speech and perception ( words" 
-and ‘‘images’’) co-operate so intimately 1η mentation (to use Metcalfe- 
Johnson's term) that the latter process. must be considered. We must 
speak briefly of imperception, loss of images, as well ab of loss of speech 
—loss of symbols. The same general principle 1s, I think, displayed 
in each. Both in dehrium (partial imperception) and in affections of 
speech the patient is reduced to a more automatic condition; respec- 
tively reduced to the more organized relations of images and words. 
Again, we have temporary loss or defect of speech after certain epilepti- 
form seizures; temporary affections of speech after these seizures are 
of great value in elucidating some difficult parts of our subject, and 
cannot be understood without a good knowledge of various other kinds 
‘of epileptic and epileptiform paroxysms, and post-parexysmal states. 
After a convulsion beginning in the (right) side of the face or tongue, 
or in both these parts, there often remains temporary speechlessness, 
although the articulatory muscles move well. Surely we ought to 
consider cases of discharge of the centres for words as well as cases in 


110 ORIGINAL ARTIOLES AND CLINICAL CASES 


which these centres are destroyed, just as we consider not anly hemi- 
plega but hemispasm. Before trying to-analyse that very difficult 
symptom called ataxy of articulation, we should try to understand the 
more easily studied disorder of co-ordination, locomotor ataxy, and : 
before that, the least difficult disorder of co-ordination of movements 
resulting from ocular paralysis. Unless we do, we shall not successfully 
combat the notion that there are centres for co-ordination of words 
which are something over and above centres for special and complex 
movements of the articulatory muscles, and that a patient can, from 
lesion of such a centre, have a loss of co-ordination, without veritable 
loss of some of the movements represented 1n 1t. 

It’ might seem that we could consider cases of aphasia, as & set of 
‘symptoms at least, without tegard to the pathology of different cases 
' of nervous disease. We really could not.” It so happens that different 

morbid processes have what, for brevity, we may metaphorically call 
different seats of election; thus, that.defect of speech with which there 
are frequent mistakes in words is nearly always produced by local cerebral 
softening; that defect which is called ataxy of articulation, 15, I think, 
most often produced by hemorrhage. Hence we must consider hemi- 
plegia in relation to affections of speech; for ıt 50 happens that the first 
kind of^defecb mostly occurs, as Hammond has pointed out, without 
hemiplegia, or without persistent hemiplegia, a state of things pro- 
ducible by embolism..&nd thrombosis, and the latter mostly with 
hemiplegia and persistent hemiplegia, a state of things usually produced. 
by hemorrhage. ;.From ignoring such considerations, the two kinds of 
defects are by some considered to be absolutely different, whereas on . 
the anatomico- -physiological side they are but very different degrees of 
one kind of defect. 

| There are certain mM principles which apply not only to 
affections of speech, but also to the commonest variety of paralysis, to 
the simplest of convulsive seizures, and to cases of insanity. 

"The facts that the speechless patient is frequently reduced to the - 
use of the most general propositions “ yes" or "no," or both; that he 
may be unable to say "no" when -told, although he says it readily in 
reply to quéstions requiring dissent; that he may be able ordinarily to' 

τ put out his tongue well, as for example to catch a stray crumb, and yet 
unable to put it out when he tries; after being asked to do so; that he 
loses intellectual language and not emotional language ; that although 
he does not speak, he understands what we say to him; and many, 
other facts of the same order illustrate exactly the same principles as 


a 
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do such facts from other cases of disease of the nervous system as that 
in hemiplegia the arm suffers more than the leg; that most convulsions 
beginning unilaterally begin in the index-finger and thumb; that in 
cases of post-epileptic insanity there are degrees of temporary reduction 
from the least towards the most “organized actions,” degrees pro- 
portional to the severity of the discharge in the paroxysm, or rather to 
the amount of exhaustion of the highest centres produced by the 
discharge causing the paroxysm. In all these cases, except in the 
instance of convulsion, which, however, illustrates the principle in 
another way, there are, negatively, degrees of loss of the most voluntary 
processes with, positively, conservation of ‘the next most voluntary or 
next more automatic; otherwise put, there are degrees of loss of 
the latest acquirements with conservation of the earlier, especially of 
the inherited acquirements. Speaking of the physical side, there are 
degrees of loss of function of the least organized nervous arrangements 
with conservation of function of the more organized. There is in each 
reduction to a more automatic condition; ın each there is dissolution, 
using this term as Spencer does, as the opposite of evolution.! 

In defects of speech we may find that the patient utters instead of 
the word intended a word of the same class in meaning, as “ worm- 
powder ” for “ cough-medicine," or in sound, as '' parasol" for “‘ castor 
ou.” The presumption is that the patient uses what is to hin a more 
“organized” or “earlier” word, and if so, dissolution is again seen. 
But often there is no obvious relation of any sort betwixt the word said 
and the one appropriate, and thus the mistake does not appear to come 
under dissolution. If, however, we apply the broad principles which 
we can, I think, establish from other cases of dissolution—viz., from 
degrees of insanity, especially the slight degrees of the post-epileptic 
1nsariiby just spoken of— we shall be able to show that many of the 
apparently random mistakes in words are not real exceptions to the 
principle of dissolution. 

For the above reasons l' shall make frequent references to other 
classes of nervous disease. The subject is already complex without 
these excursions, but we must face the complexity. Dr. Curnow has 


IT 
: 2 
! Here I must acknowledge my great indebtedness to Spengg. The tacts stated m the 
text seem to me to be illustrations from actual cases of disenso, $ conclusions he has arrived 
at deductively ın his '‘ Psychology.” It is not affirmed that ave the exact opposite of 
evolution from the apparently brutal doings of disease; the proper opposite 1s seen in 
healthy senescence, as Spencer has shown. But from diseases there 18, in general, the 
corresponding opposite of evolution. - 
CHE 
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well said (Medical Tiines and Gazette, Novernber 29, 1873, p. 616), 
“The tendency to appear exact by disregarding the complexity of the 
factors is the old failing in our medical history.” 

Certain provisional divisions of our subject must be made. The 
reader is asked to bear in mind that these are admittedly arbitrary ; 
they are not put forward as scientific distinctions. Divisions’ and 
arrangements are easy. Distinctions and classifications ‘are difficult. 
But in the study of a very complex matter we must first divide and 
then distinguish. This is not contradictory to what was said before on 
the necessity of encountering the full complexity of our subject. Harm 
comes, not from dividing and arranging, but from stopping in this stage, 
from taking provisional divisions to be real distinctions, and putting 
forward elaborate arrangements, with divisions and subdivisions, as 
being classifications. In other words we shall, to start with, consider 
our subject empirically, and afterwards scientifically. We first 
arbitrarily divide and arrange for convenience of obtaining the main 
facts which particular cases supply, and then try to classify the facts, 
in order to show their true relations one to another, and consider them 
.on the psychical side as defects of mind, and on the physical side as 
defects of the nervous system. Empirically we consider the cases 
of affection of speech we meet with, as they approach certain noso- 
logical types (most frequently: occurring cases); scientifically we 
classify the facts thus obtained, to show how affections of speech are 
departures from what we know of healthy states of mind and body- 
The latter study is of the cases as they show different degrees of 
nervous dissolution. i 

Let us first of all make a very rough popular, division. When a 
person “talks ” there are three things going on, speech, articulation, and 
voice. Disease can separate them. ‘Thus from disease of the larynx, 
or from paralysis of its nerves, we have loss of voice, but articulation 
and speech remain good. Again, in complete paralysis of the tongue, 
lips, and palate, articulation is lost, but speech. is not even impaired ; the 


! ** How often would controversies be sweetened were people to remember that ‘distinctions 
‘and divisions are very different things,’ and that ‘one of them is the most necessary and 
conducive to true knowledge that can be; the other, when made too much of, serves only to 
puzzle and confuse the rstanding.  Locke's words are the germ of that wise aphorism 
of Coleridge: ‘Itisa m i obtuse mind that must divide in order to distinguish ; but itis 
a still worse that distinguijhes in order to divide. And if we cast our eyes back over time, 
15 ıs the same spirit as that which led Anaxagoras to say, ‘Things m this one conneoted 
world are not cut off from one another as if with a hatehet.’" [Westminster Review (art 
Locke), January, 1877 (no italics in original). } 
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patient remains able to express himself in writing, which shows that he 
retains speech—internal speech—that he propositionizes well. Lastly, 
in extensive disease in a certain region in one half of the brain (left. 
half usually) there is loss of speech, internal and external, but the 
articulatory muscles move well. 

Let us make a wider division. Using the term “language” we 
. make two divisions of 16, intellectual and emotional. The patient, 
whom we call speechless (he is also defective in pantomime), has lost 
intellectual language and has not lost emotional language. 

The kind of case we shall consider first is that of & man who has 
lost speech and whose pantomime is impaired, but whose articulatory 
muscles move well, whose-vocal organs are sound, and whose emotional 
manifestations are unaffected. This is the kind of case to be spoken. 
of as No. 2 (p. 116). 

The term “aphasia” has been given to affections of speech by 
‘Trousseau ; it 1s used for defects as well as for loss of speech. I think 
the expression affections of speech (including defects and loss) is prefer- 
able. Neither term is very good, for there is, at least in many cases, 
more than loss of speech; pantomime is impaired; there is often a loss 
or defect in symbolizing relations of things in any way. Dr. Hamilton 
proposes the term “asemasia,” which seems a good one. He derives it 
from “å, and, σημαίνω, an inability to indicate by signs or language." 
Tt ıs too late, I fear, to displace the word aphasia. Aphasia will be 
sometimes used as synonymous with affections of speech 1 


” 


















article. | 

We must at once say briefly what we mean by speech 
{ο what has been said by implication when excluding 
this is popularly understood, and voice. To speak, 
words, itis to propositionize. A proposition is s 
that it makes one new meaning; not by a 
we call the separate meanings of the several 
proposition 819. modified by each other. Single 
and so is any unrelated succession of words. T 
proposition. A single word is, or is in effect, a 
words in relation are implied. The Enghsh toux 
d'hôte was understood by the waiter to be aski 
neighbours thought he was crying “oh” fro 
the use of a word that we judge of its proposié 
“yes” and “no” are propósitions, but only wh 
dissent; they are used by healthy people interje 
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propositionally. A speechless. patient may retain the word “no,” and 
' yet have only the interjectional ‘or emotional, not the propositional use 
of it; he utters it-in various tones as signs of feeling only: He may 
have a propositional .use of it, but yet a use of it short of that healthy 
people have, being able to reply “πο” but not to say “no” when told; . 
a speechless patient. may have the full use of it. On the other hand, 
elaborate oaths, in spite of their propositional structure, are not 
propositions, for they have not, either in the mind of the ubterer or in 
that of the person to whom they are uttered, any meaning at all; they 
may be called “dead propositions." The speechless patient may’ ` 
occasionally swear. Indeed he’ may have à recurring utterance, e.g. 
“Come on to me,” which is propositional in structure but not, to him, 
‘propositional in use; he ‘utters if on any occasion, or rather on no 
occasion, but every time he tries to speak. 

“Loss of speech is; therefore, the loss of power to propositionize. It , 
is not only loss of power to propositionize aloud (to talk), but to. ' 
: propositionize either: internally, or externally, and it may exist when ` 

the patient remains able to uiter Some few words. We do not mean by 
using’ the popular term ' ‘ power” that the speechless man has lost any 
“faculty” of speech or propositionizing ; he has lost those words which 
serve in’ speech, the nervous arrangements for them being destroyed.’ 
There is no “ faculty ” or “ power" of speech apart from words revived 
' ogrevivable in ο... any more than there is 8 * faculty " of 
ation of movements apart, from movements represented in 
ays. We must here say, too, that besides the use of words 
is a service of words which is not speech; hence we do’ 
ion that the speechless man has lost words, but 
ords which serve in speech. In brief, Speech. 
ntire wordlessness.' .' 
ain that speech and words ‘are σάλιο 
course, . anatomical substrata or bases as 
We must ag carefully distinguish betwixt l 
4Ν bases as we do betwixt colour and its 
hical state is always: accompanied by & physical 
the two things have distinct natures. .Hencé . 
the “ memory of words ” is a function, of. any 
m, for function, 18 8 physiological ‘term (vidé 
ther psychical ‘state arises during not from— 
inuity..of a psychical state with s& physical τ 
nervous arrangements, waich functioning is Β 
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purely physical thing—a discharge of nervous elements representing 
some impressions and movements. Hence it is not to be inferred from 
the rough division we have just made of the elements of “ talking,” 
and from what is said of their “separation ” by disease, that there 
is anything in common even for reasonable contrast, much less for 
comparison, betwixt loss of speech (psychical loss) and nnmobiilty of 
the articulatory muscles from, say disease of the medulla oblongata, as 
in “ bulbar paralysis" (a physical loss). As before said, we must not 
classify on & mixed method of anatomy, physiology, and psychology, any 
more than we should classify plants on a mixed natural and empirical 
method, as exogens, kitchen-herbs, graminaces, and shrubs. The 
things comparable and contrastable in a rough division are (1) the two 
physical losses: (a) loss of function of certain nervous arrangements 
in the cerebrum, which are not speech (words used in speech), but the 
anatomical substrata of speech and (b) loss of function of nervous 
arrangements in the medulla oblongata. (2) The comparison, on the 
psychical side, fails. There is no psychical loss in disease of the medulla 
oblbngata to compare with loss of words, as this part of the nervous 
system, at least as most suppose,’ has no psychical side; there 15 
nothing psychical to be lost when nervous arrangements in the medulla 
oblongata are destroyed. 

The affections of speech met with are very different in degree and 
kind, for the simple reason that the exact position of disease in the 
brain and its gravity differ in different cases; different amounts of 
nervous arrangements in different positions are destroyed with different 
rapidity in different persons. There is, then, no single well-defined 
“ entity "—loss of speech or aphasia—and thus, to state the matter for 
a particular practical purpose, such a question as, “Can an aphasic 
make a will?" cannot be answered any more than the question, “ Will 
a piece of string reach across this room?” can be answered. The 
question should be, “Can this or that aphasic person make a will?” 
Indeed, we have to consider degrees of affection of language, of which 
speech is but a part. Admitting the occurrence of numerous degrees 
of affection of language, we must make arbitrary divisions for the first 
part of our inquiry, which is an empirical one. 

Let us divide roughly into three degrees: (1) Defect of speech.— 


! I, however, believe, as Lewes does, that in so far as wo are physically alive we aie 
psyohioally alive; that some psychical state attends every condition of activity of every part 
of the organism, This is, at any rate, a convenient hypothesis in the study of disease. of 
the nervous system: ^ ` 


> 
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The patient has a full vocabulary, but makes mistakes in words, as saying 
“orange” for “onion,” “chair” for “table”; or he used approxima- 
tive or quasi-metaphorical expressions, as '' Light the fire up there" 
for "Light the gas." '' When the warm water comes, the weather will 
go away," for “When the sun comes out, the fog will go. away." 
(2) Loss of speech—The patient is practically speechless, and his 
pantomime is impaired. (3) Loss of langudge.—Besides being speech- 
less, he has altogether lost pantomime, and emotional language is deeply . 
involved. ; 

To start with, we take the simplest case, one of loss of speech, 
No. 2 (“complete aphasia”). Cases of defect o2.speech (1) are far too. 
difficult to begin with, and so, too, are those cases (3) in which there 
is not only loss of speech, but also deep involvement of the least special 
part of language which we call emotional language. Moréover, we shall 
deal with a case of permanent speechlessness. I admit that making but 
three degrees of affection of language, and taking for consideration one 
kind of frequently occurring case, is an entirely arbitrary proceeding, 
since there actually occur very numerous degrees of affection of 
language, many slighter than, and some severer than, that degree 
(No. 2) we here call one of loss of speech. But, as aforesaid, we must. 
study subjects so complex as this empirically before we study them 
scientifically ; and for tke former kind of study we must have what: 
are called “definitions” by type, and state exceptions. This is the 
plan adopted in every work on the practice of medicine with regard to 
all diseases. Let us give an example of the twofold study: Empirically 
or clinically, that is for the art of medicine, we should consider parti- 
cular cases of epilepsy, as each approaches this or that nosological 
type (“le petit mal, le grand mal," &c.). For the science of medicine 
we should, so far as is possible, consider cases of epilepsy, as each is . 
dependent on a “ discharging lesion” of this or that part of the cortex 
cerebri, and thus as ıt is a departure from healthy states of this or 
that part of the organism. We cannot do the latter fully yet, but the 
anatomico-physiological researches of Hitzig and Ferner have marvel- 
lously helped us in this way of studying epilepsies, as also have the 
clinical researches of Broadbent, Charcot, Duret, Carville, and others.’ 


! See Moxon, '' On the Necessity for a Clinical Nomenclature of Disease," Guy's Hospital 
Reports, 1870, vol. xv, p. 479. In this paper Moxon shows conclusively the necessity of keeping 
the olinical, or what is above called empirical—not ueing that tem in its popular bad signifi- 
ention—and scientific studies of disease distinct. After reading this paper, my eyes were 
opened to the confusion which results from mixing the two kinds of study. 15 is particu- 
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The following are brief and dogmatic statements about a condition 
which is a common one—the kind of one we call loss of speech, our 
second, degree (No. 2) of affection of language. The statements are 
about two equally important things: (1) of what the patient has lost 
in Janguage—his negative condition—and (2) of what he retains of 
language—his positive condition. ` Here, again, is an illustration of a 
general principle which is exemplified in many, if not in all, cases 
of nervous disease, and one of extreme importance, when they are 
scientifically considered as instances of nervous dissolution. We have 
already stated the duality of many symptomatic conditions in the 
remarks on p. 110. Without recognizing the two elements in all cases 
of affections of speech, we shall not be able to classify affections of 
speech methodically. If we do not recognize the duplex (negative and 
positive) condition, we cannot possibly trace a relation betwixt-Nos. 1, 
2, and 8 (p. 116). There can be no basis for comparison betwixt the 
wrong utterances in No. 1 and the non-utterances in Nos. 2 and 3— 
betwixt a positive and a negative condition—betwixt speech, however 
bad, and no speech. There is & negative and a positive condition in 
` each degree; the comparison- is of the three degrees of the negative 
element and the three degrees of the positive element; the negative 
and positive elements vary inversely. The condition of the patient 
No. 1, who made such mistakes as saying “chair” for “table” was 
duplex; (a) negatively in not saying ^ table,” and (D) positively, in 
saying “chair” instead; there is in such & case loss of some speech, 
with retention of the rest of speech. Hence the term “defect of speech ” 
applied to such & case is equivocal; it is often used as if the actual 
utterance was the direct result of the disease. The utterance is wrong 
in that the words of it do not fit the things intended to be indicated; 
but it is the best speech under the circumstances, and is owing to 
activity of healthy (except, perhaps, slightly unstable) nervous elements. 
The real, the primary, fault is in the nervous elements which do not 
act, which are destroyed, or are for the time hors de combat. If, then, 


larly important to have both an empincal arrangement and a scientific classification of 
cases of insanity. An example of, the former is the much criticized arrangement of Sh; 
the scientific classification of cases of insanity, like that of affections of speech, would be 
regarding them as instances of dissolution ; the dissolution in insanity begins in the highest 
and most complex of all cerebral nervous arrangements, the dissolution causing affections 
of speech in a lower series. The one kind of classification 1s for diagnosis (for direot 
“ practical purposes "), the other is for increase of knowledge, and is worthless for immediate 
practioal purposes. The fault of some classifications of insanity is that they aro mixed, 
partly empirical and partly scientific. 
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we compare No. 1. with No. 2, we compare ‘the two negative conditions, 
_the inability to say “table,” &c. (the loss of some speech), in No.-1, 
with the loss of nearly'all speech in No. 2, saying the latter is a greater | 
degree of the former, and we compare the. two positive conditions, the 
retention of inferior speech (thé wrong utterances) in Νο. 1, with in: 
No..2 the retention of certain recurring utterances, and with the . 


rétention of'emotional language, saying the latter is & minor or lower 


degree of language than the former. Unless we take note of the `` 


duplex condition in imperception (delirium and ordinary insanity) we 
shall not be able to trace a correspondence betwixt it and other nervous 
diseases. There are necessarily the two opposite conditions in’ ‘all 
degrees of mental affections,.from the slightest “ confusion of thought ” 
to gene unless the dementia be total. : ὑπ᾽ 


Tug: Parent's NEGATIVE CoNpiTIoN. ' 


(1) He does. not speak —He can, ` the rule 18, utter some jargon, 
or some word, ‘or some phrase. With rare exceptions, the utterance 


‘continues the same in the same patient: we call these “recurring 
utterances. The exceptions . to the statement that, he. B ο. 
less are two. (a) The recurring utterance may be “ yes’* or, 


ií 


no,” or both. These words are propositions when used for assent 
or dissent, and they are so ‘used by some patients who are for the rest 
entirely speechless. (ὁ) There ‘are occasional utterances. Under 
excitement the patient may swear; this is not speech, and is. not 
exceptional; the. oath means nothing; the patient cannot repeat it, 


” 


he cannot say what he has just uttered. . Sometimies, however, a, ' 


patient,’ ordinarily speechless, ‘may get out a purae appropriate ‘to 


. Some simple circumstance, such as “good-bye” when a friend ` is 


. exceptions come in place under the prinolple of dissolution. We may now say that speech 


leaving. This is an exception, . ‘but yet only a partial exception ; 
the utterance is not of: high speech value;! he cannot say it again, 
cannot repeat it when enireated; it is inferior speech, little higher 
in galne than ἀεί, However, sometimes a patient, ordinarily 


I What 18 meant bya an utterance of high speech value, and by inferior speech, will later on 
be stated more fully than has been just now stated by implicavion. When we cease dealing 
with our subject empirically and treat it scientifically, we hope to show that these go-called 


of high value, or superior speech, ıs new speech, not necessarily new words and possibly not 
new combinations of words; propositions symbolizing relations of images new to the speaker, 


as in carefully describing something, novel. It is the latest propositionizing. By inferior 
,Bpeech is meant utterances like, “ Very well,” “I do not think so," ready fitted to very 


simple and common circumstances, the nervous, arrangements for them being well 
organized, : r 


ἢ 
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speechless, may get out an utterance of high speech value; this is 
very rare indeed. : 

(2) He cannot write-——That is to say, he cannot express himself 
in writing. This is called agraphia (William Ogle). It is, I think, 
only evidence of the loss of speech, and might have been mentioned 
in the last paragraph.. Written words are symbols of symbols. Since 
he cannot write, we see that the patient is speechless, not only in 
the popular sense of being unable to talk, but altogether so; he 
cannot speak internally. There is no fundamental difference betwixt 
external and internal speech; each is propositionizing. If I say 
“ gold is yellow” to myself, or think it, the proposition is the same ; 
the same symbols referring to the same images in the same relation 
as when I say it aloud. There is a difference, but it is one of degree; 
psychically “faint” and “ vivid,” physically "slight" and ''strong" 
nervous discharges. The speechless patient does not write because 
he has no propositions to write. The speechless man may write in the 
sense of penmanship; in most cases he can copy writing, and can 
usually copy print into writing, and very frequently he can sign his 
name without copy. Moreover, he may write in a fashion without 


‘copy, making, or we may say drawing, a meaningless succession of 


letters, very often significantly the simplest letters, pothooks. His 
handwriting may be a very bad scrawl, for he may have to write with 
his left hand. His inability to write, in the sense of expressing himself, 
is loss of speech ; his ability to make (‘‘ to draw ”) letters, as in copying, 
&c., shows that his “image series ".(the materials of his perception) is 
not damaged. l 

Theoretically there is no reason why he should not write music 
without copy, supposing, of course, that'he could have done that 
when well; the marks (artificial images) used in noting music, have 
no relation to words any way used. On this matter I have no 
observations. Trousseau writes in his lecture on Aphasia (New 
Sydenham Society's Transactions, vol. i, p. 270), “ Dr. Lasegue knew 
a musician who was completely aphasic, and who could neither 
read nor write, and yet could note down a musical phrase sung in 
his presence." 

(8) In most cases the speechless patient cannot read at all, obviously 
not aloud, but not to himself either, including what he has himself 
copied. We suppose our patient cannot read. This is not from ack 
of sight, nor is it from want of perception; his perceptio 
itself in fault, as we shall see shortly. 
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ΠΠ His power of saat signs is impaired. (pantomimic , 'pro- 
` positionizing). . We, must mot: ‘carefully distinguish pantomime , from 
: gesticulation. Thrówing up.the arms to signify "higher ‘Up,’ ' pantomime, 
differs from. throwing the: arms when surprised, gechionlation, 88 8 pur 
potttion does from an ‘oath. ἢ 

' Sófar we have, T think, - only got, two things,’ Joss’ of. speech (by 
simple direct évidence, and by. the indirect evidence of i non- writing and, 


-non-reading) and defect of: “pantomime. - There, are in some case&:of loss 


| of- speech other inabilities :' the. most significant are that a patient : 


cannot put out his tongue when he tries, ‘or execute other movements he, 
ids told, when he can mové the, paris concerned i in other Ways quite σα 


Tae: Paire" g “Positive CONDITION. 


ος . (D ero can iiderstand what’ we say or read to him ; pe nanka, 

talés read to him. This ig. important, - for. i$ provés that, although 
speechless, the patient 18, not wordless. ‘The hypothesis is that words 
aré in duplicate ; and ‘that, the nervous ‘arrangements: for words used, 
in ‘speech lie chiefly in the left half of the brain ; that the nervous 


ES arrangements for words used. in understanding speech (and in other. 


ways) lie in ihe right'álso.- Hénce our reason for πατήρ used such 
expressions as “ words serving in speech ” p, for there 18, we. now 806," 
another "way in which - they serve. ^ When from disease in the left 
.half of the brain speech is lost altogether, the patient understands’ 
all we say to him, at “least on matters simple to. him. Further, it . 
is supposed that another use of, the words which remain is the chief; . 
* part, of that. sérvice of words “which ‘in health precedes speech; there 
- being: an unconscious or subconscious revival of, words in relation before. 
that ‘second revival which is speech.-- Coining a word, we may say ` 


that the process of verbalizing is dual; “the second '' half " of it being 
~ gpeech:. It is supposed also:that there i 18 an unconscious or subconscious 


revival of relations of images, -before that revival of mangea in rêlation 
which is petception.' ' " 
; (2) His. articulatory organs move ‘apparently well i in Suns drinking, 
. swallowing, and also in such utterances as remain ‘always: possible to 
him (recurring’ utterances), or in those Which « come out occasionally., 
. Hencé his speechlessness is "not owing to. disease of those centres in the' 
2 mettle oblongata for immediately moving the articulatory tnuscles ; for. 
“in other cases of nervous disease, when these centres are so damaged 
be articulatory ‘muscles ‘are 6ο ‘much paralysed that talking is 
le he patient remains able to speak (to propositionize). as well 
he has internal μα and can write what he speaks. 
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The following dicta may be of use to beginners. Using the popular 
expression “ talk,” we may say that if a patient does not talk because 
his brain is diseased, he cannot write (express himself in writing), and 
can swallow well; if he cannot talk because his tongue, lips, and palate 
are immovable, he can write well and cannot swallow well. 

(3) His vocal organs act apparently well; he may be able to sing. 

(4) His emotional language is apparently unaffected. He iles, 
laughs, frowns, and varies his voice properly. His recurring utterance 
comes out now in one tone and now in another, according as he is Jexed, 
glad, &o.; strictly, we should say he sings his recurring utterance ; 
variations of voice being rudimentary song (Spencer); he may [ὁ able 
to sing in the ordinary meaning of that term. As stated alreacy, he 
may swear when excited, or get out more innocent interjections, ie 
or compound (acquired parts of emotionallanguage). Although 
be unable to make any but the simplest signs, he gesticulates ο... 
as well as ever, and probably he does so more frequently and more 
copiously than he used to do. His gesticulation draws attention to his 
needing something, and his friends guess what it is. His friends/often 
erroneously report their guessing what he wants when his emctional 
manifestations show that he is needing something, as his expressing 
what thing it is that he wants. 

So far for the negative and positive conditions of language in our 
type case of loss of speech—No. 2 in defect of language. J 

Words are in themselves meaningless, they are only symbols of 
: things or of "images" of things; they may be said to have m3aning 
S hekma them." A proposition symbolizes a particular relation o7; some 

images. | 
l We must, then, briefly consider the patient’s condition in regard to 
the images symbolized by words. For although we artificially separate 
speech and perception, words and images co-operate intimately 13 most 
mentation. Moreover, there is a morbid condition in the image |series 
(imperception), which corresponds to aphasia in the word senes.) The 
two should be studied in relation. 

The speechless patient's perception (or '' recognition,” or “ ἘΝ ii 








! The term “image " is used in & psychical sense, as the term “word ” 15. It does 198 mean 
c igual " unages only, but covers all mental states which represent things Thus xe speak 
of auditory images. I beleve this ıs the way 1n which Taine uses the term ‘‘ image. ' What is 
here called ‘‘an image" 18 sometimes spoken of as ‘‘a perception.” In this article she term 
** perception "' 18 used for a process, fora '* proposition of images,” as speech 18 used for propost- 
tions, 16., particular mter-relations of words. The expression ''organized image 118 used 
briefly for ** image," the nervous arrangements for which are '' organized ”’ corresponéingly for 
“organized word," &c. 
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of things) (propositions of images) is unaffected, at any rate as regards 
simple matters. To give examples: He will point to any object he 
knew before his illness which we name; he recognizes drawings of all 
objects he knew before his illness. He dontinues able to play at cards 
or dominoes; he recognizes handwriting, although he cannot read the 
words written; he knows poetry from prose, by the different endings of 
the lines on the right side of the page. One of my patients found out 
the continuation of a series of papers in a magazine volume, and had 
the right page ready for her husband when he returned from his work ; 
yet she, since her illness, could not read a word herself, nor point to a 
letter nor could she point to a figure on the clock. There is better 
and simpler evidence than that just adduced that the image series is 
unaffected ; the foregoing is intended to show that the inability to read 
is not due to loss of perception nor to non-recognition of letters, &c., 
as particular marks or drawings, but to loss of speech. Written or 
printed words cease to be symbols of words used in speech for the 
simple reason that those words no longer exist to be symbolized; the 
written or printed words are left as symbols of nothing,as mere odd 
: drawings. The simplest example showing the image series to be 
ein is that the patient finds his way about; this requires pre- 

cohception, that is, “ propositions of images” cf streets, &c. Moreover, 
the patient can, if he retains the propositional use of ‘ yes” and “ no," 
or if he has the equivalent pantomimic symbols, intelligently assent or 
dissent to simple statements, as that ''racehorses are the swiftest 
horses," showing that he retains organized nervous arrangements for 
the images of the things '' swiftness” and ‘‘Lorse”; this has already 
been implied when it was asserted that he understands what we say to 
him, a process requiring not some of his words only, but also some of 
his “ images " of things, of which the words are but symbols. 

Such facts as the above are sometimes adduced as showing that the 
patient's “‘ memory " is unaffected. That expression is misleading, if it 
implies that there is a general faculty of memory. There is no faculty 
of memory apart from things being remembered; apart from having, 
that is, now and again, these or those words, or images, or actions 
(faintly or vividly). We may say he has not lost the memory of 
images, or better, that he has the images actually or potentially, the 
nervous arrangements being intact and capable of excitation did stimuli 
come to them; we may say that he has lost the memory of those words 
which serve in speech. It is better, however, to use the simple expres- 
sion that he has not lost images, and that he has lost the words used 
in speech. 
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- These facts as to retention of images are important as regards the 
writing of speechless patients. The printed or written letters and 
words are images, but they differ from the images of objects, in being 
artificial and arbitrary, in being acquired later; they are acquired after 
speech and have their meaning only through speech; written words 
are symbols of images. The aphasic patient cannot express himself in 
writing because he cannot speak; but- the nervous arrangements for 
those arbitrary images which are named letters are intact, and thus 
he can reproduce them as mere drawings, as he can other images, 
although with more difficulty, they, besides lacking their accustomed 
stimulus, being less organized. He can copy writing, and he can copy 
print into writing. When he copies print into writing, obviously he 
derives the images of letters from his own mind (physically his own 
organization). He does not write ın the sense of expressing himself, 
because there are no words reproduced in speech to express. That 
series of artificial images which make up the signature of one’s name 
has become almost as fully organized as many ordinary images; hence 
in many cases the speechless man who can write nothing else without 
copy can sign his name. 

For the perception (or recognition or thinking) of things, at least 
in simple relations, speech is not necessary, for such thought remains 
to the speechless man. Words are required for thinking, for most of” 
our thinking at least, but the speechless man is not wordless; there is 
an automatic and unconscious’ or subconscious service of words. 

It is not, of course, said that speech is not required for thinking on 
novel and complex subjects, for ordinary images in new and complex 
relations (i.e. to the person concerned), and thus the process of 
perception in the speechless, but not wordless, man may be defective in 


ihe sense of being inferior from lack of co-operation of speech; it is 


not itself in fault, 16 is left unaided. 


! The expression '' unconscious reproduction of words," involves the same contradiction 
as does the expression, unconscious sensation." Such expressions may be taken to mean 
that energizing of lower, more organized, nervous arrangements, although unattended by 
any sorb of conscious state, 18 essential for, and leads to, particular energizings of the 
highest and least organized—the now organizing nervous arrangements, which last- 
mentioned energizing is attended by consciousness I, however, think (as Lewes does) thet 
some consciousness or '' sensibility’ attends energizing of all nervous arrangements (I use 
the term ‘‘ subconscious” for slight consciousness). In cases where from disease the highest 
nervous arrangements are suddenly placed hors de combat, as in sudden delirium, the next 
lower spring into greater activity, and then, what in health was a subordinate subcon- 
sciousness, becomes a vivid consciousness, and 19 also the highest consciousness there then 
can be. 
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To understand anything novel and complex said to him, the healthy 
man speaks it to himself, e.g., repeats, often aloud, complex directions 
of route given to him. ο 

The word “thing” has not been used as merely synonymous with 
* substance" ; nor is it meant that anybody has nervous arrangements 
for the images of “ swiftness”’.and “horse,” but only for images of some 
swiftly moving thing or things, and for images of some particular horse 
or horses. N l 

It may be well here to give a brief recapitulation of some parts of 
our subject and, also very briefly, an anticipation of what is to come; 
the latter 1s given partly as an excuse for having dwelt in the foregoing 
on some points not commonly considered in such an inquiry as this, 
and partly to render clearer some matters whick were only incidentally 
referred to. ` : | 

The division into internal and external speech (see p. 119) is not 
that just made into the dual service of words. Internal and external 
speech differ in degree only. Such a difference is insignificant in 
comparison with that betwixt the prior unconscious, or subconscious, 
and automatic reproduction of words and the sequent conscious and 
voluntfty reproduction of words; the latter alone is speech, either 

Ὃν, internal or external.. Whether I can show that there is this kind of 
\duality or not, it remains certain that.our patient retains a service of 
words, and yet ordinarily uses none in speech. The retention of that 
service of words which is not a speech use of words, is sometimes 
spoken of as a retention of “ memory: of " words, or of “14646 of" 
words. But as there is no memory or idea of words apart from having 
words, actually or potentially, ıt is better to say that the patient retains 
words serving in other ways than in speech; we should say of his speech- 
lessness, not that he has lost the memory of words, but simply that he 

has lost those words which serve in speech. 

When we consider more fully the duality cf the verbalizing process, 
of which the second “ half" is speech, we shall try to show that there 
is a duality also in the revival of the images symbolized ; that perception 
is the termination of a stage beginning by the unconscious or sub- 
conscious revival of images which are in effect “ image symbols" ; that 
we think not only by aid of these symbols, ordinarily so-called (words), 
but by aid of symbol-images.- It 1s, I think, because speech and 
perception are preceded by an unconscious or subconscious reproduction 
of words and images, that we seem to have “faculties” of speech and 
of perception, as it were, above and independent of the rest of ourselves. 
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We seem to have a memory or ideas’ of words and words; having really 
the two kinds of service of words. The evidence of disease shows, 
it is supposed, that the highest mentation arises out of our whole 
organized states, out of ourselves, that will, memory, &c., “ come from 
below,” and do not stand autocratically “ above," governing ‘the mind; 
they are simply the now highest, or latest, state of our whole selves. 
In simple cases of delirrum (partial imperception with inferior perception) 
as when a patient takes his nurse to be: his wife, we find, I think, 
& going down to and a revelation, of what would have been when he 
was sane, the lower and earlier step towards his true recognition or 
perception of the nurse. 

The first step towards his recognition of her when he was sane 
would be the unconscious or subconscious, and automatic reproduction 
of his, or of one of his, well-organized symbol-images of woman; the one 
most or much organized in him would be his wife. To say what a thing 
is, is to say what it is like; he would not have known the nurse even 
as & woman, unless he had already an organized image of at least one 
woman. The popular notion is, that by @ sort of faculty of perception, 
he would recognize her without a prior stage in which, he being passive, 
an organized image was roused in him by the mere presence of the 
nurse; the popular notion almost seems to imply the contradiction that 
he first sees her, in the sense of recognizing her, and then sees her 
as like his already acquired or organized image of some woman. We 
seem to ourselves to perceive, as also to will and to remember, without 
prior stages, because these prior stages are unconscious or subconscious. 
It seems to me that in delirium the patient is reduced to conditions 
which are revelations of, or of parts of, the lower earlier and prior 
stages; the lower or earlier stages are then conscious. They are the 
then highest or latest conscious’ states. When the patient becomes 
delirious, he takes the nurse to be his wife. More or fewer of the 
highest nervous arrangements being then exhausted, ‘the final stage 
is not possible. There is only the first stage; the reproduction of his 
. well-organized symbol-image is all there is, and that is all the nurse 
can be to him; she is, to him, his wife. The symbol-image is then 
vividly reproduced because the centres next lower than those exhausted 
are in abnormally great activity (note that there are two conditions, 


! Tho so-called idea of a word, in contradistinction to the word, is itself a word subcon- 
sciously revived, or revivable, before the conscious revival or revivability of the same word, 
which latter, in contradistanction to the so-called idea of a word, is the so-onlled word stsslf— 
ihe word. : ^ 
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one negative and the other positive). There is a deepening of con- 
sciousness in the sense of going down to-lower earlier and more 
organized states, which in health are mostly unconscious or subconscious, 
&nd precéde higher or later conscious states; in other words, with loss 
with or defect of object consciousness, even in sleep dreaming, there 
18 increasing subject consciousness; on the physical side, increasing 
energizing of those lower centres which are in the daytime more 
slightly energizing during that unbroken subconscious “ dreaming,” ` 
from which the serial states, constituting our latest or ον object 
consciousness, are the continual “awakenings.” 

Το 18 supposed that the well-organized images spoken of, in effect 
arbitrary images, symbol-images, those which become vivid and are 
“uppermost ” in delirium, and then cease to be mere symbols, con- 
stitute what seems to be a “general notion” or “abstract idea" of 
such things as “horse,” “swiftness,” &c.; their particularity (that 
they are only images of some horse or horses, of some swift moving 
thing or things) not appearing, because they are unconscious or sub- 
conscious ; they served once as images of particular things, and at length 
as symbol-images of a class of images of things, as well as images of 
the particular things. 

At p. 120 we spoke of the right half of the brain as -being the 
part during the activity of which the most nearly unconscious and most 
automatic service of words begins, and of the left as the half during 
activity of which there is that sequent verbal action which is speech. 
The division is too abrupt; some speech—-voluntary use of words—is, 
as we have seen when alluding to occasional utterances, possible to the 
. man who 15 rendered practically speechless by disease in the left half. 
Again, from disease of the right half, there is not loss of that most 
automatic service of words which enables us to understand speech. 
The thing which it 18 important to show is, that mentation is dual, and 
that physically the unit of function of the nervous system is double 
the unit of composition ; not that one-half of the brain is “ automatic " 
and the other “ voluntary.” 

Having now spoken of the kind of case we.shall consider, and 
having added remarks, with the endeavour to show how the several 
symptoms—negative and positive—are related one to another, we 
shall be able to give reasons for excluding other kinds of cases of 
speechlessness. 

We are not concerned with cases of all persons who do not. speak, 
We shall not, for example, deal with those untrained deaf-mutes who 
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never had speech, but with the cases of those persons only who have 
had ıt, and lost it by disease. The condition of an untrained deaf-mute 
is in very little comparable with that of our arbitrarily taken case of 
loss of speech. The deaf-mute’s brain is not diseased, but, because he 
is deaf, it is uneducated’ (or in anatomical and physiological phraseology 
undeveloped) so as to serve in speech. Our speechless patient is not 
deaf. Part of our speechless patient's brain is destroyed ; he has lost 
nervous arrangements which had been trained in speech. Moreover. 
our speechless man retains a service of words which is not speech; 
untrained ‘deaf-mutes have no words at all Further, the untrained 
` deaf-mute has his natural system of signs, which to him is of speech 
value as far as it goes. He will think by. aid of these symbols as we do 
by aid of words.’ Our speechless patient is defective even in such slight 
pantomime as we may reasonably suppose to have been easy to hun 
before his illness. The deaf-mute may have acquired for talking and 
thinking the common arbitrary system of deaf-mute signs (finger-talk), 
or he may have been taught by the new method to speak as we do, and 
thus have ceased to be mute. But when not taught to speak, he is not 
in & condition even roughly comparable with that of a man who has 
lost speech. No doubt by disease of some part of his brain the deaf- 
mute might lose his natural system of signs, which are of some speech 
value to him, but he could not lose speech, having never had it. Much 
more like our speechless patient’s condition is that of the little 
child which has been taught to understand speech, and has not vet 
spoken. 

There is another set of cases of so-called loss of speech, which we 
shall not consider as real loss of speech. I prefer to say that these 
patients do not speak: cases of some persons are meant, who do not 
talk and yet write perfectly. This may seem to be an arbitrary 
exclusion. There is in most of these cases an association of symptoms, 
which never arises from any local disease of any part of the nervous 
system; the so-called association is a mere jumble of symptoms. Let 
us state the facts. The patients are nearly always boys or unmarried 
women. The bearing of this ıs obvious. The so-called loss of speech 
is a total non-utterance, whereas it is an excessively rare thing for 


1 We must not confound the finger-talk with the ‘‘ natural” system of signs. They πιο 
essentially different. No one supposes that words are essential for thought, but only that 
gome symbols are essential for conceptual thought, although it may be that people with 
u natural” symbols do not.reach that higher degree of abstract thinking which people do 
who have words. 


* 
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& patient who does det speak, because his ‘bea is locally diseased, to 
have no ‘utterance whatever ;“I do not remember seeing òne such case 
in which there was not some utterance (recurring utterance) a few days 
or a few weeks ‘after the onset of the illness; the absolute pseudo- 
'speechlessness may remain for months. They cannot be. mute from 
paralysis of ‘the articulatory muscle, because they swallow "well. _ 
Frequently there is,loss of voice also—they get out no sounds except, ie 
perhaps, grunts, ἃς: and yet they cough ringingly ard breathe without i 
hoarseness or stridor ; there. is no evidence of laryngeal disease. Now ` 
loss of voice never occurs with loss of speech from local disease of one 
_ side of the brain. Νο disease of the larynx would causé loss of speech ` 
or loss of articulation. The ‘patients | often '' lose " their speech after” 
calamity or worry. In these cases there i$ no hemiplegia and no other 
one-sided condition from first to last. They : often, after months of not 
speaking, recover absolutely and immediately after some treatment 
. which can have no therapeutical effect, e. 6., & liniment: rubbed on the 
back, single faradaie stimulation of the vocal cords or oftthe πθοῖς. l 
, Dr. Wilks has reported a case of “ cure” of a. girl who had not spoken 
for months; she had also “lost.” the usé of her 1664. . Knowing well 
"what was the general naturé of the case, Dr. Wilks, by speaking kindly 
to her, and giving her an ‘excuse for recovery in the application of ` 
faradization; got her well in'a& fortnight. Sometimes the so-called 
.. speechless patient speaks inadvertently when suddenly asked a question, 
Ν᾽ goes on talking; is well again. Sometimes spéech is surprised - 
out Of her. Thus a woman, whose case:is recorded by Durham, when : 
told to cry “Ah!” when thé spatula was holding dowm her tongue, 
, pushed his hand.away, saying, “ How can I, with that- ‘thing in my f 
' , moùth?” She then said, *Oh! I have spoken. ud She was “cured.” 
I believe that patients, “ speechless ” as described, might ‘be “cured” 
by faradization of the vocal cords, or by a thunderstorm, or by quack 
medicines or appliances, or by. mesmerism, or by meee 8 charm; or 
—not speaking flippantly—by being ' ‘prayed over? 

‘Sometimes these cases are spoken of as cases of “ ‘emotional’ ΜΉΝ 
—the speechlessness is said to be “caused .py’ semenon excitement, 
because it often. comes on after ‘emotional disturbance.. 

-I submit that the facts that the patients do ‘not talk’ and sdo write 
and.do swallow are'enough to show that there is no disease at all, in’ 

- amy sense except that the. patients are hysterical . (which. is saying 
_nothing explanatory); or -that, they are: pretending: here cau be. no 


local disease, at any rate. ` `. ue 
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These cases are spoken of at length, although they are excluded, 
because they are sometimes adduced as instances of aphasia, or loss of 
speech proper, with ability to write remaining. I confess that were I 
brought face to face with a man whom I believed to have local disease 
of his brain, who did not talk, and yet wrote well, I should conclude 
that he did speak internally although he could not talk. To say that 
he cannot speak, and yet can express himself in writing is equivalent, 
I think, to saying he cannot speak and yet he. can speak. 


BBRAIN,—VOL. XXXVI 9 


+ 


ON AFFECTIONS OF SPEECH FROM DISEASE OF 
THE BRAIN. 


(Bram, 1880, vol. ii, p. 208.] 


In the first! instalment of this article it was pointed out that there 
are necessarily numerous degrees and kinds of affection of language, 
since “ different amounts of nervous arrangements in different positions 
are destroyed with different rapidity in different pérsqns." Moreover, 
cases are vastly different in their different stages; a;patient may be 
quite speechless for a few days, and afterwards improve so-as to 
have áb length only ‘alight: defect of speech; and of course there 
are numerous cases of complete recovery. It is necessary to make 
some division of cases; we roughly made three groups. We were 
careful to declare that this division was an arbitrary one, that it was 
not & scientific distinction. The divisions usually made are arbitrary, 
too, although the nomenclature: being in highly technical psychological 
and clinical terms, they may appear to the unwary as being real, almost 
natural, distinctions. As was then insisted on, we must in an empirical 
inquiry take type-cases; we follow the plan which is tacitly, if not 
avowedly, adopted in every work on the “ Practice of Medicine” with 
regard to all diseases. l 

We took for first considerütion the simplest group, cases of loss of 
speech (No. 2) p. 116 ; cases of defect of speech (No. 1), and that deeper 


1 I should like to remark that one very general conclusion to which the several facts so 
far stated, and facte afterwards to be stated, point, was in principle long ago formulated 
by M. Beilarger.. So.far back as 1866 [p. 58] I made the following quotations from his 
writings, which I now reproduce :— 

“L'analyse des phéuoménes conduit à reconnaitre, dans certains cas, de ce genre, que 
l'incitation verbele involontaire persiste, mais que l'inoitation volontaire est abolie. Quant 
à 14 perversion de Ja faculté du langage caractérisée par la prononoiation de mots incohérents, 
18 lásion consiste encore dans la substitution de la parole automatique ἡ l'incitation verbale 
volontere.” 

I-ought to have reproduced this quotation in the first mstalment of this artiole, as 
evidently I am following pretty closely the principle this distinguished Frenchman has laid’ 
down. For the satisfaction of curious persons, I may say tbat I give it now spontaneously, 
no one having drawn my attention to the omission. I fear M. Baillarger's acute remarks 
have attracted little attention, and I say with regret that I had forgotten them. I do not 
remember from what book I took the quotation. 
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involvement of language in which emotional manifestations (No. 3) 
scarcely remain, are more difficult and will be considered later. We 
take the simple case for investigation first, just as, were we writing on 
hemiplegia, we should take first the simplest case of that paralysis, not 
the more difficult case, in which there are deep loss of consciousness 
and lateral deviation of the eyes and head, as well as paralysis of the 
face, tongue, arm, and leg. A patient who loses speech may regain it ; 
it is convenient to consider cases of permanent speechlessness. 

On pp. 116 e£ seq. we made some brief general statements as to the 
speechless patient's condition ; we especially insisted on the necessity of 
recognizing a positive as well as a negative element. I feel convinced 
that unless in all degrees of affection of language we recognize that the 
symptomatic condition is duplex, we shall not trace relations betwixt 
them, and shall be misled into supposing that cases are different in kind 
when there are only differences of degree. We have remarked on this 
(p. 117). Further, we shall not be able to trace analogies betwixt these 
examples of dissolution beginning in the lower cerebral centres, and 
cases of dissolution beginning in the highest centres, that is to say, 
cases of insanity where the condition is manifestly duplex. The most 
important thing showing the duality of the speechless man’s condition 
is given very generally by saying that speechlessness does not imply 
wordlessness. We stated that there is not evidence that the process 
of perception is damaged in itself; we say “in itself," admitting that 
perception may suffer from lack of co-operation of speech-use of 
words. 

We have now to consider more particularly the condition of the 
patient we call speechless. In most cases there remains some utterance. 
But to. utter words is not necessarily to speak. Το speak is to proposi- 
tionize. We admit, however, that in some cases which we call loss of 
speech there is a recurring utterance, viz., yes" or " no," which 18 of 
propositional value; and that occasionally there occur utterances which 
are of propositional value, and are made up of several words. But in 
these cases the recurring utterances which have propositional value are 
so very general in their application, and the occasional utterances which 
have propositional value are so rare and usually also of so very general 
application, that it 1s almost pedantic to say the patients are not speech- 
less. Nevertheless there are exceptions to our statement that there is 
loss of speech in the type case (No. 2) and full consideration will be 
given to them. 

We divide the utterances into two classes, recurring and occasional. 
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. (D) RECURRING UrrERANORS. 


Boon after the attack there may be no sort of utterance. But 
umor always one comes in a few days or weéks. I used to call: them 
“ stock utterances.” They are always utterable, and they alone remain 
with the exception ‘of the rare occasional utterances. We male four 
divisions of recurring utterances.” ' 

' (1) Tt is sometimes jargon: In one ‘case it, was * yabby,” “in ΠΤ 
“ watty.". Sometimes.there is 8 succession of different jargon; in one 
case, “Me, me committimy, pittymy, lor, deah." The patient utters 

his jargon at any 'time.- If he says anything, it is always “ yabby,’” 
or whatever his jargon may be; in'reality he says nothing with these 
f utterances ; they have no propositional value whatever. 
“a Sometimes the utterance is, what to a healthy person is a word, 

‘as “man,” “one,” “awful,” &c. Such a word is, for use, no better than 
jargon in the monti of the speschless patient; it is not a word to him; 

‘man ” as 8 recurring utterance is not a symbol for a human being. 
The so-called word comes out, just as “‘yabby” does and means no 
` more, means nothing. A single word might have, in a healthy person,. 
propositional value. For ζώα were person asked how many 
oranges ‘he would buy, the mp ' would be a proposition. But’ 
the.speechless man's recurring ‘ Que" " comes out whenever anything 
comes out, and applies to nothing at all. . 

‘Here, having given some examples, I may make one general remark 
about all kinds of' recurring utterancés. . The rule is that the particular 
recurring utterance each person has at first never changes. Sometimes, — 
however, but exceedingly rarely, it changes. ' A-patient of mine, for some 
months when under my care in the London Hospital, could only utter ` 

"the word "Dick." Later it changed to “Jimmy,” with the variations . 
of “ Jin” and Jigger.” Another general remark 18 that although these.’ 
. rags and tatters of what was once the patient’s speech are of no use aè, 
speech; they serve as parts of emot:onal manifestations; it is rather, we 
should. say, the tones in which they ‘are uttered; it would be most 
correct to say the patiént “ sings ” his recurring E vanae 
of tone with healthy speech being rudimentary singing (Spencer). 

‘In this service of these as also in that of the other recurring . 
ον. ‘have evidence that emotional language is not affected:! 

The way in which speechless recurring utterances serve patients 


! I would not affirm that the finest emotional nianifestations may not be lost in cases of 
loss of speech; I do not know that they are. It would be very remarkable if they were nok, κ 


M 
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is exemplified in some cases noted in the Hospital Reports of the 
Lancet [7], and [15]. Several other things of importance for other 
departments of our subject are given in the following extracts:— 

“The patient we saw could only utter the word ‘Dick’ and this 
word he uttered whenever we asked him a question. We were told 
that when the man was vexed by the other patients in his ward he 
would swear. He generally used the common explosive sound so much 
‘in favour with English swearers. He could not, however, say the 
word when required to do so, even whilst it was well kept before his 
mind by frequent repetition. He seemed to make efforts to say it, 
but the word ‘Dick’ always came out instead. The oath was only 
uttered under the influence of emotion, and could never be repeated 
at will" (p. 43). 

The following is a further note of the same case from the ‘ Mirror’ 
of the Lancet, July 20; 1867. 

“When the poor fellow left the London Hospital he was able to 
utter the word ‘ Dick’ only, except that he swore when vexed. He is 
now in a workhouse where Dr. Hughlings-Jackson saw him a few 
weeks ago. Strange to say, the patient’s stock phrase is now ‘Jimmy’; 
he never says ‘Dick.’ Although it is two years since the patiens left 
the hospital, as soon as he saw the doctor he raised himeelf eagerly 
from his chair, offered his left hand—his right is still paralysed—and 
cried out very vivaciously, ‘Jimmy, Jimmy,’ &c., evidently pleased to see 
some one whom he knew. The ward superintendent says the patient 
sometimes sings; that the word he then uses is ‘jigger.’ He is usually 
quiet; but when vexed he swears, or rather utters a very nasty word, 
the last syllable of which rhymes to the last syllable of jigger.! He 
cannot say this word when he tries, but when trying, says ‘Jim’ 
instead. ‘Jimmy’ seems to be the word he uses as an ejaculation to 
show states of feeling, and ‘Jim’ when he 1s trying to convey informa- 
tion. When asked to show how many children he had, he extended his 
left five digits twice, and at each extension he uttered jerkingly the 
word ‘Jim.’ At a second visit, the man replied to the same question 
in the same way; but there are no means of knowing whether his 
reply is a correct one or not. He does not tell the number of days 
in the week by this plan. He sang when asked; and although the 
performance was of the very poorest kind, there was cadence with 
variation of tone. In one of these efforts he used as a vehicle of sound 


1 ** Bugger.” 
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the word ‘ Jim,’ in another ‘jigger.’ The ward superintendent remarked 
that the man’s friends had not visited him since Christmas. . Here the 
patient clenched his fist, tightened his lps, face and neck, holding: 
his breath, and turning red the while as if making an effort., After a’ 
moment or two he sighed deeply and relaxed, shook his head, and looked 
as if he had given up an attempt to do something. The attendant 
believed the patient was ‘trying to talk,’ and said he often saw him 
put himself in that way. As Dr. Hughlings-Jackson was leaving the 
room, the patient left by another door, but in passing through the 
doorway he stopped, and turned his head as if he had suddenly 
remembered something, looked towards the doctor, and said pleasantly, 
‘Jim, Jim.’ It was supposed that this meant good-bye.” 

I may here mention that I did not get to know if the patient had 
sons of the name of Richard and James (vide infra). 

The following is from the same ‘‘ Mirror" of the Lancet as the last 
quotation. It shows a certam use of the jargon “ow,” during the 
expression of number, as well as its use as the proposition ‘‘ yes.” 

"In another workhouse Dr. Hughlings-Jackson saw a woman, 

~,_aged 25, who 16 only able to utter the phrase ‘Oh! my God!’ and the 
fae ee a corruption of ‘oh!’ When the doctors went up 
to her nd spoke to her, she cried out ‘Oh! my God!’ When next 
spoken to, she said ‘Oh!’ and then put her hand over her mouth. 
She uttered the phrase several times in the mterview; but she ‘spoke’ 
with the syllable ‘ow,’ expressing assent or dissent by the tone she gave 
to it, and by her manner. She was asked how long ıt was after her 
confinement before the loss of speech came on. She held out her five 
left fingers, and said ‘Ow,’ and then separating one finger from the rest 
of those of the paralysed right hand, again said ‘ow.’ The doctors 
said interrogatively, ‘Six?’ She nodded, and said ‘Ow.’ They then 
asked whether weeks, months, or years, really themselves knowing the 
right time. By variation of tone of ‘ow’ by nodding and shaking the 
head, she expressed assent or dissent when the right or wrong period was 
named. She laughed heartily when something jocose was said, crying 
out "Oh! my God!’ When the death of her baby was mentioned, her 
eyes filled with tears. The nurse says the woman was once ın her ward 
before, and then the words uttered were ‘Oh! .my goodness will!'" 

(8) The recurring utterance rs sometimes a phrase. In one case 
“Come on," or sometimes that. patient uttered “Come on to me.” In 
another case, just mentioned, it was “Oh! my God!” In another case, 
mentioned to me by Dr. Langdon Down; “ Yes, but you know.” 
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In some cases, as in the one first mentioned, the patient may utter 
“yes” or," no," or both, in addition to his recurring phrase (see 4). 
He has then the two sets of recurring utterances. 

These phrases, which, have propositional structure, have in’ the 
mouths of speechless patients no propositional function: They are not 
Speech, being.never’ used as speech; they are for use only compound 
jargon: they. or their tones are at ‘the best of interjectional value only. 
The man who uttered ' Come on to me,” uttered it on every occasion 
when he made a rejoinder to anything said to him. 

(4) A common thing is that the patient retains as his sole utterance 
“yes " or ‘‘ no," or both these words. Sometimes there is, in addition, 
some utterance of one of the other divisions. This must be carefully 
borne in mind. ' We shall consider the utterances “yes” and “no” at 
length. It is the most important part’ of the .whole inquiry. The 
consideration of these and of some other fundamentally like phenomena 
will help us out of the empirical stage of divisions into the scientific 
one of distinctions. , yet 

To speak is, as has been said, to'propositionize; many verbal 
utterances. by the healthy are not speech. Now the words “yes” and 
"no" are propositions; indeed, to call them “words” is ot to 
acknowledge their proper rank; “proposition words" might be a ,-^ 
more correct expression. But they are not always propositions, are 
not always used for ‘assent and. dissent ; and. thus the terni ^ word ” 

.is cohvenient, if not ‘strictly accurate. 
^ Tt does not matter what the philological history of the' words may 
be; at any rate “'yes” and “ no” stand for propositions. They are 
propositions in effect; we can say with them. Nor must we limit 
ourselves to the very syllables “yès” and “no.” One of my patients 
had the utterance “Eh,” ‘which was ‘‘yes”.for him, and possibly was 
a corruption of his healthy “ yes.” Were we now dealing with the 
less special part of intellectual language, pantomime, we should admit 
nodding the head for assent and shaking the head for dissent to be 
pantomimic propositions. With the other: recurring utterances (1), (2) 
and. (3), the patient says nothing; they are a mere series of syllables; 
. the so-called words and phrases (2 and 8) being intellectually dead. Is 
‘not there then in the utterance of “yes” and “no” a real exception to 
the statement that our patient is speechless ? 
‘An utterance is or is nosition according as it is used. 

(a) The speechless , 7 utter “yes” or “no,” or both, in 

different tones, merely he-is thus or thus excited. It is, 


np 
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then not a proposition; but an interjection, a mere vehicle for variations | 
of voice,, expressive of feeling.. (6) He may have this service of the 

words and be able also to reply with them; the latter is à propositional 

. use of them. (ο) He may, in addition. to (2) and eu be able to say i 
the words when told to say them. 

(a) A.speechless patient may utter "yes" and “no” pinout any- 
sort of appliĉation.” Hs may utter “yes” when he means "no," and 
“no'” when he means “ yes.’ He may nod when he utters "yes." He 
. may affirm or deny by the less ‘special language of pantomime when he 
cannot use for affirmation and denial the words.of :affirmation and . 
denial which he can glibly utter. They are not, therefore, propositions: 
to him. Nevertheless, this low pea of the ών serves him. 


-He utters “6 Yes » (t θα.) W 68, » [11 Νο,” » ΠῚ no o," κ no,' ' merril ; or he f , 
, py 


utters them sadly, when με glad: or ‘sorry., : That is to BBY, 
although he-has not the propositional use of “ yes " and “no,” there is, 
that emotional service of them which other speechless patients have of 
their recurring jargon, words or phrase (1l; 2, 8).. His utterances of 
them in rious tones are revelations to us of his varying emotional 
states. / Wà must be careful not to give such utterances of .“ yes ” and 
“no” the cr lit of being propositions. : From the tones in which they | 
, are uttered, we may understand or guess how the patient 18 feeling ; and ` 
ΟΕ: the conspiring aid of the then circumstances, we or his friends. ' 
may often infér"what he is thinking. But so we could by the tones in ` 
. Which the recurring jargon. (1) or phrase (2) 18 utteréd. Like smiles, : 
they are, when so used, not signs for emotional states, but they are, or 
rather the tones of them are, parts of this or that emotional manifesta- 
tion. On the other Band, if the-patient who generally uttered “ no’ ' at 
randóm, used ' in & particular tone, in order to signify. that: he 
. dissented, it wal be speech, or at any.rate of speech value;.and so 
it would be speech or of speech value if & speechless man ee his 
` jargon with the same intention. The women who uttered “ow” 
could express assent or dissent by the different tone she gave to it 


.. (p. 184). The following i 169 striking case == — . kic 


I have seen a patient who nearly & year. helore had become rapidly 
apoplectic: . On recovering ‘from this condition, he uttered’ only “low,” 
- but soon he uttered “ no," and when I saw him he had nearly recovered: 
speech. His articulation was defective, but his wife .could understand : 
- what he said, not merely guess his m dI could nearly, always ` 
do the same... He could express hi iting; and could read. 
For the moment using popular lan ut prejudice " he had : 







` 
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the mental power of speech, but had defect in the executive. But he 
very often uttered the word "no" when he meant ' yes"; this is a 
very rare thing in the midst of so much recovery of speech. In reply 
to one of my questions, he uttered “ No, no.” His wife said he meant 
“yes”; he nodded. Later in our investigation he uttered “no”; but 
his medical attendant, alive to his misuse of that word, said, “ Do you 
mean 'no'?" The patient showed that he did by re-uttering it in a 
ceremonious, slow, decided tone. Thus the patient uttered in a tone 
to signify dissent, the word which, as usually uttered by him, would 
not have meant dissent. 

Here plainly “no” was not a proposition, but the tone ıt was 
uttered in was of projogitional wWalue—at least vocal pantomime. It 
matters not what tic oy dodge (te of voice, cardsharper's smile, &c.), 
be used to express aSínt or dissejib, or to express any relation betwixt 
things; if so used, thé, i is & propopition. 

Some years ago I ind under my care in the London Hospital a man 
m sole utterance ‘yas “no,” and something like “eh,” which was 

“yes” to him. His wife told me Ke could make the children '' behave 
when they were at the top yard” by shouting out " No," "no," “no,” 
in an angry tone. These emotional utterances of his may seem to have 
some slight propositiony) favour; hé may have used “no ” in an angry 
tone, not merely uttered it during vexation.’ This, however, 18 
doubtful: The patient gould reply “no,” but the slight degree of his 
power of expressing himtelf may be jàdged of by his way of getting his 
children to understand what he wanted. He would make one stand 
before him ; she would guess one thing after another until, by quickness 
or by lucky accident, she guessed what he wanted, or until he knocked 
her down with his fist. T shall have to refer to this case several times, 
and shall therefore call the patient “ Dow." 

. (b) In some cases of loss of speech there is a use of the word 

“ yes " and "no," which is higher than a mere emotional service. The 
patient can reply with them, Here, then, is evidence that the so-called 
ο... man is not absolutely speechless ; he propositionizes by '' yes " 
and *' Now we have come to a very important matter. In the 
case of i no," at least the Use of that word does not in all patients reach 
the level of normal Speech ; or, speaking more correctly, the patient 
cannot utter that word in Βῇ] the ways healthy people can. He may be, as 





τ If a speechless man retaint fio two words, 1b 13 reasonable to suppose that the emotions 
of fear and anger would, to peak figuratively, appropriate the negative one, and bhat 
emotions of joy and sympath vould appropriate the affirmative. 





Ἂς 


. reply by “no,” 
Nin order that there might be no jpossible do bt that a negative was 


^ very well," or “Very well.” Each of these patients can say 
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i aforesaid, able to reply “no” to a question requiring dissent, when he 


cannot say the word when he is told and when he tries. This has been 
observed and commented on by Sir Thomas Watson, in the last edition 
of his “Practice of Physic.” 1 found it out when giving a clinical 


.. demonstration of” ‘ Dow's” case. -I told the students that he could utter 


the word “no”; but, to my chagrin, when I asked him to utter it, there 


: was nothing’ but an articulatory effort. However, on asking him the . 


preposterous question, “Are you ninety years oid?" the word "No" 
came out at once: ᾿ Again I asked him to say. “no”; his efforts were - 
fruitless, but we réadily got the word out of him again by asking him 
another question, which obviously required a reply of dissent. His, 
difficulty was not from DO πες, s wife pad found out, before, I 
did, that hé could not, say “no” when/ he tried] 
I find that I have led Kussmaul 4) migunderd#and me on this matter. . 

This distinguished physician writes] '**Jackson/&nd Sir Thos. Watson 
have even found that aphasic persohsf unable to ply ' no ' to & question, 
have nevertheless been led to do sp by sugges!ions designed to make 
them’ angry, e.g. “were- they a. hundred years, old, or a thousand ?' or 
such like." The questions were fnot designed ο make the patients 
angry, and did not make them angry. The piWients I speak of could 
" at any time. A’ very prepost rous question was asked 








required; and I submit that the rejoiner: “no "ο such a question by the 
patient“ Dow.” was a reply, that it’ was. “nò 85 ἃ proposition; that 
it was speech, although inferior; speech. (not incomplete speech) ; and 
that it was not,“ no” as a mere utterance, like an oath coming out in 
anger. This patient, as I have} stated, did use the word emotionally 
when vexed; but not 80 in rejoinder to the ‘preposterous questions I 
asked him. — ' j 7 
(c) In many cases of loss of speech, the ha besides having the. 


'The following is- ‘from ‘the '* Hospital Reports” ο the British Medical .Jow nal, 
December 2, 1871 [20], and refers, to a caso of loss of spe nna . . She was told to'say 
‘no,’ and could not. Directly afterwards, Dr. Hughlings-Je 05502; observing ghe had a book on 
her lap, asked 1f the patient could read. Hearing this, the! patient herself looked up and said 
‘No, no, no. She was again told to say ‘no’; she could fe The nurse, having observed 
this peoullarity in another patient, said, ‘Are you a hun; d years: old?’ the response was 
‘No, with a smile. Όπου more the patient was asked to. a5? ° no,’ but again sho failed, . ." 
Tt must ‘be added that in her ordinary ‘‘ conversation’ she! ο ος said “no,” when she 
meant ‘yes » In some cases there is no difficulty ' iw Ba tae 'no." Thus, there is in the 
London Hospital an old woman who can utter only the wort:® = yes” nnd. no, and * titty, M 


** titty,” “titty” ; and another old woman who has both th words and the utterance “I'm 
“no,” when asked. Hence it. 






is admitted that some aphasies have the ‘tall t fase of these words. 
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emotional service and also the power of reply with the words, can say 
“yeg” or “no” when told (he has the full use of these words). It may 
be said that this third degree of utterance of the word is not speech; 
that it is uttering the word as an articulatory gymnastic “for the sake 
of uttering it,’ not using it as a proposition. There are weighty 
reasons, however, for drawing attention to the three degrees of 
utterance of this word. The inability to say “no” when told, with 
ability to utter it in reply and also emotionally, 18 one of the most 
important facts in the matter of affections of speech. I shall speak on 
this matter after considering analogous peculiarities. 

To resume. In some cases called loss of speech there is not absolute 
loss. The utterances (1). (2) and (8) are not exceptions; the 
utterances '' yes " and ‘‘no” in reply, are exceptions, these words being 
used a8 propositions. 

These exceptions are very significant. The man has lost all speech, 
except the two most general, most automatic, of all his propositions. 
They are indeed very significant exceptions to the empirical division 
into loss of intellectual and conservation of emotional language; for, 
even regarded superficially, they stand on the border ground. These 
words are used by healthy people, now one way, now the other; they 
are sometimes parts of emotional manifestations, and may then be 
combined with an ordinary interjection as ın “oh ! yes,” or be duplicated 
as ' no, no”; here the second “no” at any rate is interjeotional. They 
are at other times used with full and definite propositional intent to 
signify " this is so,” or “is not so." The word “yes” may be used at 
the same time, both for sympathy and agreement, it being occasionally 
hard to say whether the intellectual or the emotional side is more 
visible. Similarly some movements are at once pantomimic and 
gesticulatory. ; 

We hear these words used almost purely emotionally, very often. 
A woman suffering from pleurisy and in great distress, replied “No” to 
a question, used the word propositionally, and then went on uttering 
the word as a vehicle of tone, "no, no, no," in just the same way as 
she had been uttering "oh!" before the question; that is, it served her 
emotionally. A healthy man told suddenly a piece of startling news, 
- emnes “No!” using “no” not actually to deny the truth of the state- 
ment; indeed he does not use it as & proposition; 1$ is an ejaculation 
of surprise, equivalent to the exclamation “ Nonsense!” or ' You don't 
say 80!" These so used are interjections, not speech, and take low 
rank in language, Little above that of bodily starts, parts of common 
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emool language. AR ‘te beat ise ‘are propbiitions, city 


. subordinated to’ the ‘service’ of : an emonom 


. Theri * tpropòósitionally', s yes” and''" no" give assent or dissent to. 
anything whatever ; they are the blank ` „forms of, ος stand for, all 
negative and positive propositions—are, 88 it were, propositions almost. ~ 


, reduced to positive and negative copulas. . "rom their -almost üniversal” , 

n applicability they are very frequently üsed ; they are, the most general, 

. most automatic, ‘and. most organized of all. propositions. | They are’ then 
kA 'excéptions proving the tule; the patient: has lost all “speech ‘except. 


- these two propositions which’ are. at. the “bottom i of intellectual- 


‘language and at: the ‘top " of emotional language. In other: words, 


T the retention of'these two words is not exceptional ` to the principle of 


P - dissolution: The feader may; however,. urge that: the other recurring 


utterances are exceptional.. I hope to show, later on, that they are‘not. . 


_ At present I;only say that I’ believe; ihem to 'represent' what was, or. 
. to represent part. of what: was, the last: ορ, the, Penei uttered . 
“or was about to, utter when taken ill, a ra ee 


. (2), ‘Qocastona JÜTTERANUES. 


These utterances are . rare, except that, some patients , swear” ‘very 


"frequently. | ‘We shall make, three degrees of these ejaculations : — ” 


- (D Utterances which are not speech. 

(2) Utteranées which are infefior speech. 

` (8) Utferances which are re&l speech. ᾿ T 
(1). Under excitement, the Speechless .r man may utter '' On! " or 


: B ‘“Ah!” More than this, he may- swear or utter certain nasty words 
.. "used by vulgar people when excited. (We use the term “swearing ” in 
"the. wide; sense of what is popularly called’ bad, language ; of course’, 


religious commination is’ not considered.) The Ὁ ρον utterance may- 


"bé an innocent ejaculation, as “‘ ‘Oh dear!" or “Bless my life! "^ None 


of these utterances: are speech ; they roe no intellectual meaning. l 
Moreover, the patient cannot repeat them "when he tries, -he utters . 
but ‘does not say. "This. will eee the reader of what was said of. 


- some patients’ who can reply “ * but- cannot say that word "when they 


.are told to try. ‘The patient, '' "Dow" uttered the word '' damn è? o ο 
‘night when vexéd. on, his daughter coming in very late. Her star 
- told ‘me of their surprise, and that her daughter said: she would stay 
- ' out, late every night to get. him’ to speak: Ῥαὺ 16 could not πε ‘the 
| ‘expression. I never heard, of any utterance in his case but of ' "damn." 


on that occasion, and his recurring “no” and “eh " (yes). 


E 
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As said above, it 1s not a question of oaths only, but of ejaculations 
in general (interjections simple or compound). They are all parts of 
emotional language; their utterance by healthy people is on the 
physical side, a process during which the equilibrium of a greatly 
disturbed nervous system is restored, as are also ordinary emotional 
manifestations. (All actions are in one sense results of restorations of 
nervous equilibrium by expenditure of energy.) In some people oaths 
and vulgar interjections have become very deeply automatic; some 
people swear largely along with their ordinary unexcited speech, 
` perhaps to give emphasis to commonplaces. In these people the oaths 
are almost as automatic (their nervous arrangements being strongly 
organized) as smiles and frowns; they are, so to speak, ''detonating 
commas." No wonder that they are occasional utterancés when these 
patients are speechless. Few women swear, but their ejaculations of 
surprise or vexation (feminine oaths), as "Oh dear!" “Dear me!" 
“How very tiresome!” belong to the same category. The aphasic 
woman, whose recurring utterance was “Me, me," &c., once ejaculated, 
“ God bless my hfe!” | 

(2) There are occasional utterances which are real speech, but 
inferior speech. This remark may be indefinite, but illustrations will 
show what is meant. 

I saw, in consultation, a patient who had the recurring utterances 
"no" and “what.” This patient was heard by his doctor to say ‘ Wo, 
wo!" when standing by a horse. This patient once uttered “That’s a 
lie," which is an expression often used by vulgar people as a verbal 
missile, that 1s emotionally rather than propositionally ; it therefore 
comes under No.1. The utterance ' Wo, wo!" is the one I wish to 
draw attention to now. '' Wo, wo!” is a proposition to those who use 
it, if not to animals ; 16 means “stand still.” 

A woman who could only utter the phrase “ Yes, but you know," 
once said “Take care!" when a child was in danger of falling. A 
patient of Trousseau’s said '" Merc?" when a lady picked up his 
handkerchief. A patient of mine, would, besides swearing when vexed 
(No. 1), say “ Good-bye,” when a friend was leaving him. 


! T take the following from an unsigned review ın- the Jow nal of Mental Science for Apiu, 
1878, p. 125: “ The value of swearing as a safety valve to the feelings, and substitute foi 
aggressive muscular action, in accordance with the well-kuown law of the transmutation of 
forces, 18 not sufficiently dwelt on. Thus the reflex effect of treading on & man's corn may 
either be an oath or a blow, seldom both together. The Scotch minister's man had mastered 
this bit of bram-physiology when. he whispered to his master, who was in great distress ab 
things going wrong, ' Wad na an aith relieve ye?’ It has been said that he who was the 
first to abuse his fellow-man instead of knocking out his brains without a word, laid thereby 
the basis of civilization,” 
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The man who said “ Wo, wo!" could not repeat it; and ‘the lady 
could not repeat “Take care!" The friends of Trousseau's patient 
thought he was. beginning to speak ; but he could not repeat the word. 
My patient could never say “ Good-bye,” except under the appropriate , 
circumstances; his daughter had found this out herself. | 
` The following is from a communication made ‘to the Lancet, 

[vide p. 105] on this patient's case. Several different phenomena are 
meritioned. They are all of the same order, in so far that. they show 
conservation of automatic with loss of. voluntary action. 

“Ihave seen a patient who usually sat up in his room, whose face 

looked intelligent, who was cheerful and merry, and who seemed to 
understand all that I said to him, but. who. could not put out his tongue 
when he tried. ' His daughter remarked that he.could put the tongue 
out, as she expressed it, ‘by accident,’ and added, as an illustration of 
her meaning, that when anyone was leaving him he could say ‘ good- .. 
. bye,’ but that he could neither put ont his tongue; nor say ‘good-bye’ 
when he tried. He could say ‘yes,’ and ‘no’ at any time; .and, 
using the lady's expression, could say ' good- bye’ ' well, ‘never,’ by 
accident. She further remarked that.the patient would sometimes 
_ swear. He uttered the short explosive word which is so much in 
‘favour with English swearerg, but he could not, she said, repeat the 
word when he tried. She asked him to utter the explosive sound when 
I was there, saying it herself for bn to imitate. He laughed and 
shook his head.” 

Admitting the utterances (No. 2) to be exceptions, we’ ‘have to note 
that, as exceptions, they are significant: They are true speech, but 
they are inferior speech. Superiority in speech does. not mean number 
of words, nor even solely precision of application, but precision of 
application to new relations of things, that is; in effect superior speech 

‘is accurate speech on complex! matters. We do not find that the 
. loquacious person speaks precisely, except on the most familiar things ; 
on novel things he αρα greatly. The “ faculty :' of speech is not, 88 


“| Although of necessity we ο. type cases, we not only consider what we call exceptions 

to, the type, but in actual practice we consider individuel peculiarities, What is well 
' organized in one person is not so m another; when we say that the more automatic, more 
organized, &o., remains, we mean what is more organized in this or that patient. The 
qualifications to be understood in’ using such expressions as “ the concept,” '' ἐι6 English 
language," '* the environment,” need not.be pointed out. In ‘such expressions as “ from the 
. special to the general," “from the complex to the simple,” she obvious qualifications must 
be kept vividly in mind. , When we speak of complexity of any actions, we do not mean.any 
sort of abstract complexity. A man in delirium goes through very complex manipulations 
of his trade, but they are not complex'to him. ' 
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popularly supposed, highly developed in him. The utterances are well 
organized; they were prompted—to speak popularly, helped out—by 
. their special circumstances. They are only in degree less significant 
than the occasional utterances (1), or than the recurring utterances (4). 
Besides this, the inability to repeat them is to be carefully borne in 
mind. 

(8) I have records of still. higher degrees of utterance by one 
speechless patient. A man, for several months under my care in the 
London Hospital, was absolutely speechless. He never uttered, much 
less spoke, anything but “pooh,” ‘ pooh,” so far as I or the students 
or the nurses knew. But I was told by his friends of three utterances. 
Once, when he had had enough bread-and-butter, he said “No more." 
This, however, is only a degree of speech on a level with those in the 
just-given illustrations (2). But I was told that one day the patient 
said, with difficulty, “ How is Alice (his daughter) getting on?" A 
third utterance was, I think, as high, if not still higher, in speech. 
His son wanted to know where his father’s tools were. In reply to his 
son's questions, the patient said “Master's.” Although here is but 
one word where in health there would have been a sentence, there is 
a proposition ; it told his son where the tools were as fully as the most 
elaborately worded and grammatically complete sentence would have 
done. It was far higher than the most elaborate oaths and higher even 
than such utterances as “no more," “ good-bye, very well" &c. 
Once more I would urge that speciality in speech (“high speech") 18 
not simply an affair of number of words, nor simply of complexity of 
their arrangement. We have to consider precise adaptation to special 
and new circumstances; “ master’s” did not come"out upon a common 
and simple occasion like “ good-bye,” it was definitely uttered to signify 
a very special relation, moreover a new relation. Granting for the sake 
of argument—which, however, I do not know—that the man had in health 
replied scores of times to the same question by that word, or by a fuller 
proposition containing it, it was specially used for a new occasion under, 
that is, very new circumstances. The father had left his work, would 
never return to it, was away from home, his son was on a visit and the 
question was directly put to the patient. Anyone who saw the abject 
poverty in which the poor man’s family lived would admit that these 
tools were of immense value to them. Hence we have to consider as 
regards this and the other occasional utterances the strength of the 
accompanying emotional state. We shall consider the influence of 
strong emotions which imply great nervous tension on the production 
of these utterances later on. 
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I used to receive reports οἱ these utterances and sayings by speech- 
legs patients with great incredulity, and so I find others have ‘done. 


One of my. most intelligent’ pupils, to whom I was speaking of such 


_ utterances, told me that the wife of a ‘speechless patient, with’ much 
indignation at his (the studerit’s) incredulity, affirmed that her husband . 
_ (otherwise speechless | since’ his! attack) .uttered, before he diéd, “God 
bless you, my. dear!" This utterance, if largely emotional, was a pain- 
: fully appropriate one from &.dying mam to'his wife. He .may have 
uttered it interjectionally scores of times when well, and have-said it 
when dying; really meaning that God should bless his wife. Under ` 
some circumstances ΤΡ that have died dowr into truisms "become 


` alive again. ee 
The Communist ‘orator who bebin his ‘oration by “ Thank God, Iam 
an Atheist! P used “ thank God!” as a mere expletive. “Even when this 


phrase is uttered devoutly; it is often. more emotional than propositional ; 
but in some states of mind ıt doubtless is said with full propositional _ 
` intent. Much poetry, in prose' and verse, „nowadays seems to-be an 
attempt to show the truths of what have become uninfiuential tiruisms. ` 
"These utterances naturally surprise the friends of speechless patients: 
A patient, fatally ill, unable to tell- what she. wanted. (this patient had 
not entirely lost speech), surprised her sister by, exclaiming, “ Surely you 


" - mist know what.I mean!” after that-she'said nothing intelligible. . A 


patient under my observation {ή the London’ Hospital could utter many 
words; but his oaths and other ejaculations | were alone properly uttered ; 
: & patient in the next bed felt insulted on being asked to note what the 
patient uttered. ‘Naturally he would feel that a man who, when asked 
- to write, ο κ ως *' What's all this ο. nonsense about ? ” could talk 
if he liked. : 
, Gairdner had an aphasic under his care in hospital, and wishing to 
leaxn something as to the patient's general condition, asked" another man 
in the ward what he thought of him. “ e think a guid whuppin, wad be 


i | Dow's wife told me that the neighbours were very unkind; they said 16 was all nonsense 
‘about his being unable to talk, for why did he not write? Thay ‘could not be expected to know 
. that if.speech goes, writing goes—axpreasion in, writing is meant ;, Dow cópied.a good: deal, 
and could sign his name without copy. Had they heard Dow, utter ‘‘damn” because his- 
daughter came in late, they could have feli the correctness of their opinion of his case to be 
demonstrated. In general the laty cannot be expected to kncw that swearing, &0., may per-, 
sist-when speech propér is impossible, and certainly not that a higher kind of utterance may 
porsist When the patient is fatally ill. No- doubt many apopleotio persoris found in the streets , 
are locked" up for druhkenness because the policeman does not know that swearing 18 & very 
automatic process, whioh « can persist under conditions produced by fatal brain lesions ag di 
, a8 by drink. E ` ta 


` 
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the cure of him.” On Gairdner remarking. that the patient could not 
speak, the man replied, “Να, but he swears whiles "; evidently believ- 
ing that the poor fellow was shamming. The aphasic died, and cancer 
: of the brain was found at the necropsy. : l . 

In some cases of speechlessness, an elaborate utterance comes out of 
which we cannot guess the meaning. The following case is an illustra- 
- tion of this, and also of other utterances. A patient under the care of 
Dr. Martin, in St. Bartholomew’s Hospital, could only utter the word 

“yes.” The Sister of the ward (8 va intelligent lady) remarked that 
he uttered this word when he meant “ '; moreover, she said he often 
nodded When he meant "no." One p the nurses told her that the 
patient once, in words, asked for beer; but the Sister remarked, "I 
don’t believe, this, as I was constantly with him, and never heard 
him say anything." I think it very likely he did, under strong excite- 
ment (active desire), get out a proposition to that effect. It may be said 
that there could be no excitement about so small a matter. But it is no 
small matter to many hospital patients. Some will leave the hospital if 
they do not get beer. But the utterance I wish to draw attention to is 
the following. His wife said that all she ever héard him utter beyond 

“yes,” waa "Hive nights, six nighte, seven nights, and then five nights 
out of seven." What this meant she could not guess. 

To resume once more. There are three exceptions to the statement 
that our “speechless” man is ΒΕ speechless. He may have 
permanently the utterance of the words “ yes " and “ no," and the full use ᾿ 
of them : their use as speech. On the other hand, we have noted that a 
patient may have only the emotional or interjectional use of them, and * 
that when be has, more than this, the ability to reply with them, he 
may be unable to say them when told. And where there is the full use 
of them, we have to. bear in mirid that they are the most general of all 
propositions. Then he has occasionally” some inferior speech, and as I 
_ believe this to be effected by the right half of his brain, I admit that 
these occasional utterances show, as do "yes'''and "no," some power 
of speech during activity of that side. Anyhow, they show that the 
" patient rétains organizations τ some {words somewhere in his nervous 

system. 

There is no demonstration by these cases that the patient retains 
organizations for any other words than those he actually utters. But is 
_it a likely thing that Trousseau’s patient, who said “merci,” when a 
lady picked up his handkerchief, had just that word or a few such words 


left? .A fire occurred in -thé street opposite one of my wards in the 
BRAIN—VOL, XXXVII. g 10 
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London Hospital: a speechless patient of mine cried out “Fire!” Is it 
not a grotesque supposition that this woman retained only the word 
"fire" ? Moreover, those who say & patient tried to repeat any of his 
occasional utterances are tacitly admitting that the words of those utter- 
ances are revived in him; otherwise the word tried has no meaning. 
There 18 demonstration by other means that the speechless patient retains 
a fullservice of words; he understands what we say to him. At any 
rate, the uttérances spoken about show that there is retention of some 
words, if only a fragment or so in each case. Some of them also show 
that there is not only retention of some words, but of some speech, 
by the right side of the brain. The division we made was not that 
the left half of the brain serves in speech, and the right in receiving 
speech and in other ways, but that "nervous arrangements for words 
used in speech lie chiefly in the ‘left half of the biain," and “that the 
nervous arrangements for words used-in understanding speech (and i in 
other ways) lie in the right also. It is believed that the process of 
verbalizing and every other process is dual, but that the more automatic 
8, process 1s, or becomes by repetition, the more equally and fully is it 
represented double in each half of the brain. But the utterances show 
too, for the most ‘part,-that the speech possible by the right side of the 
brain is inferior speech. In nearly all cases it was well: organized, 
automatic or "old," and nearly every utterance required a special 
occasion; was, to speak popularly, surprised: out of the patient by a 
sudden accustomed stimulus. And it is to be borne in mind that the 
_ patient, cannot, repeat, say voluntarily, what he thus utters So far 
these exceptions are exceptions proving the rule. ' 
It has been admitted, however, that occasionally there is an utter- 
ance of high speeckey value. This exception will be considered after a 
while. 


ON AFFECTIONS OF SPEECH FROM DISEASE OF THE 
BRAIN. f 


[Ώπαιν, 1880, vol. ii, p. 828°] 


Ir will doubtless have struck all physicians as strange that speech- 
less patients should have such recurring utterances as jargon No. 1 
(p. 182), or single words, No. 2 (p. 132). or, what is most striking, such 
as " I'm very well," '*.Come on to me," No. 8 (p. 184). ' 

It may perhaps be well to give some examples of these several kinds 
of recurring utterances from Trousseau’s admirable lecture on aphasia. 
(I take them from Bazire’s translation for the New Sydenham Society, 
adopting his rendering into English of the utterances of real words from 
the French ; some of the utterances’ were. jargon.) One patient could 
utter nothing whatever else than “Oh! how annoying!"  Trousseau 
says of this patient: “ Although she looked intelligent and behaved like 
a sensible person, I could never obtain another word from her. 
Another patient uttered, ‘‘ Vousi, vousi.' Another at first could only 
utter “ Monomentif"; later on a few monosyllables ended by “tf, ` 
or the first syllable of a word and “tif” instead of the second, as 
‘‘montif”’ for monsieur. Another uttered “ Pig, animal, stupid fool," 
and that alone. Another “ Nasi’ bousi, nasi bousi. Another, "My 
faith!" Another patient, “ Cousisi, cousisi." (This patient, by the 
way, had the occasional utterance when very excited, “ Sacon, sacon,” 
which Trousseau supposed to be abbreviation of “ Sacré nom de Dieu.) 
Another, only " Oh! mad." Another, “ Sacré nom de Dieu." 

It will have occurred to the reader that these utterances are not 
in the same category as "yes" and “no” in regard to the hypothesis 
stated (p. 140). We cannot say that the cases in which they remain 
show a reduction to the most general of all propositions. Some of the 
utterances of Group No. 3 are propositional in form, but yet not of use 
as propositions to the speechless man; they are to him not propositions 
at all, figuratively speaking, they are propositions intellectually dead ; 
they serve only emotionally, and in that way subsidiarily as a sort of 
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articulatory material on eek the voice. „may vary. “Yes” and “no,” 
Group No. 4 (p. 185), also are occasionally from the mouth of. the 
speechless man, intellectually dead (see No. 4 (a), p. 135), and serve 
only emotionally; nevertheless these utterances so serving are in & 


different category from those of. Group 3. We have even on this basis ' 


to ask," How is it that some speechless patients retain an utterance 
of no propositional value to them, but one which to healthy people is 
& proposition of a special character, applying to a particular combination 


of circumstances, whilst other. aphasics retain an utterance of no. - 


propositional value to tlm, but one which to healthy people is of l 


propositional value of the most general’ character, ‘applying to any 
combination of circumstances?” Of course, the utterance may be 
an elaborate (compound) interjection, as " Oh, my God!" but we 
prefer considering those utterances which in' health are propositional. 


Tue E may be presented in one 4866. A patient has " yes" al 


}» 


and /'no," and, has also some elaborate | ipud utterance in propo- 
is form. Supposing his “ yes’ ' and ‘ T to be utterable only 
` emotionally, we may say that he has’ two intellectually dead propo- 
‘sitions one of.a. highly special kind, another of-a very general. kind. 


- We wish in this sapien) to ene that the retention of recurring Í 


ον 


utterances other than `“ yes™ and “no, although apparently, is- not 
really exceptional, to the. principle ot dissolution.- In all cases’ of 
dissolution there is supposed to be a reduction to the more automatic, 

more organized, to the earlier. acquired -οἳ the processes represented in 
the centres affected. It is, I think, plain that this course is im some 
08698 apparently irregular. There are conditions interfering with what 
we may designate the simple course of,dissolution. Let me illustrate 
‘this by a case from another class of nervous affections. Just after a 
slight epileptic seizure there is dissolution, which in this case 18 


1 The ΜΉΝ asked again to observe that the term '' dissolution” is used; as it is by 
Herbert Spencer, for & prócess which is the reverse of évolution, I am sometimes told that 
‘1b js nota fib term to apply to the results of disease on the nervous system, granting that 
those results are thé opposite of evolution of the nervous system, I do not balieve they can 
be shown to be the exact corresponding opposite.. Even supposing that the term does not 
properly apply, I submit that itis inexpedient to coin another word for a process the reverse 
of nervous evolution, when dissolution is already τη use Ίος the reverse of evolution in general. 


' Affections of speech are examples of dissolution occurring in & subordinate cerebral centre. 


Insanity, as for example the case of post-epileptic insanity mentioned in the text, is 
dissolution, beginning m the highest cerebral centres, in those centres which are supposed 
- to represent all that the subordinate, centres have already represented, and thus, indireotly, 
to represent the whole organism. The highest centres are the.substrate of our highest, latest, 


ever-changing mental states, the abstract name for which is λος there being really: 
'  & senes of consciousness. ' 
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temporary loss of function-of more or fewer of the highest of all 
, nervous arrangements; the patient acts grotesquely ; but his actions 
‘(occurring during energizing of nervous arrangements next lower than 
those which have undergone dissolution) are not always rangeable as 
being more organized; &c., than his usual doings, sometimes they are 
-plainly largely determined by particular events happening just before 

the seizure—that is to say, there are conditions interfering. : 

The matter to bé discussed is not of scientific importance as bearing 
on the principle of dissolution. The discussion will help us, I think, to 
clearer notions on the nature’ of defects of speech. Were recurring 
utter&nces alone in question it would. not be Worth & physician's while 
to consider them at much length. ' We shall in the next instalment 
consider other kinds of neryous disease in which we find phenomena 
analogous to the recurring utterances’ of speechless patients. 

The following hypothesis is advanced, and for the present i8 applied 

to but' one set of recurring utterances, the group No. 3 (p. 184), and 
only to those of them which have in healthy poeple propositional value. 
‘Such recurring utterances as “ Come: -on to me" were being said or rather 
were about to be said when the patient was taken ill. Here.we have, 
it is suggested, a condition interfering with the simple course of 
dissolution, ; 
, In order that we may show this neues to be reasonable, the 
réader must bear vividly in mind that “taken ill” means here the 
occurrence of damagé in a region of but one half of the brain, the left 
usually, sufficiently extensive to cause loss of speech. He must keep ᾿ 
in mind that’ the nervous arrangements. in this cerebral region are . 
destroyed ; it will not do to think of the disease vaguely as something 
ut disordering certain functions of the brain.” ‘And on the psychical side 
hé must look on the condition as one of loss of the words used in speech. 
The expression, ‘loss of memory for words,’ is too indefinite, or is only 
.verbally' definite. It is equally important for him to bear vividly in 
mind that/the other half of the brain, the right usually, is not at all 
" injured. ‘He is asked'never to lose sight .of the fact that, although the 
‘patient is rendered speechless by the disease, he is not thereby rendered 
wordless. We must, indeed, bear most vividly in mind that the patient 
" ‘has words remaining ; it will not do to think of this positive condition 
under the vague expression. that “ he retains a memory of words." If 
we do use such redundant expressions, we must be thorough in our 
application of them. and say two things.: (1) that the speechless patient 
has lost the. enemy of the words mug in ενα and (2) that he has 


i 






t ! 
' 


150 OBIGINAL ARTIOLES AND CLINICAL CASES 


not lost the BIHROTU of words serving in other ways. In healthy people 
every word is in duplicate.. Ths “ experiment” which disease brutally, 
makes on man seems to’ me to: demonstrate this; 18 takes one seb of 
words away and leaves the other’ set. The speechless: patient has ‘lost 
that set of words which serves in speech; ‘he retdins another set: of 
words serving in other ways; | he retains all ane ‘words of the (his) 
English language in so far a8 “receiving speech’” of others goes; and 
i for other purposes he has lost thair duplicates by which, he should speak. 
1 is suggested .that whilst the speechlessness answers to the damage 
in one half of the brain, thé retention of other kinds of service of words 
answers to the fact that the otter half is not damaged. Attention is 
also asked to the hypothesis already , stated, and hereafter to be | 
expounded at ‘length, that every proposition in health occurring during 
activity of the left side of the brain is preceded ‘by &c revival ‘of the 
words of it during activity of the right halt! This is stating ihe 
hypothesis roughly and inadequately; all that need be insisted on is 
that the uhit of action of the nervous systém is double the unit, of. its 
mposition, and that,’ cotrespondingly, "all" mental ‘action is dual ; 
subjeetive followed by objectiye. But, as roughly put, the hypothesis 
will serve our present purpose, since the speechless patient has no left 
.half of'his brain so'far as its use in words goes. 
.Here brief remarks may be-made on dual action in other mental 

processes in order to make clear what is the nature of the dual service 
of words. If I do not succeed in showing that there is a duality, of 
: mental operations and what is the nature. of that. duality, I shall fail. 
to make clear my meaning, as to'the nature of recurring nbserancee 


$5 4 

! The use of such highly technical expressions as '' memory,” in t explanation ” of 
complex symptomatió conditions, seemingly definite and’ authoritative, 16 largely to blame 
for our remaining with our ideas-on nervous diseasos out of focus. . It E not always vividly 
realized that retention of memory of wards can mean: anything more than a retention 
of words, the word '*memory " in'that context being really surplusage. There is alrhost the 
idea that the speaker gives words to the parsons spoken td; all the speaker does is,to rouse 
words Already organized 1n the peraon spoken to. Anyone will readily admit that the pain 
.of a'pin-priek is 1n himself, not in the pin; and every educated man adnnts that redness 
18 in himself when, he ‘uses the ordinary language, “this brick is red." ‚Why, then, should 
we speak of ‘retention of memory of wards" by the aphasic when he understands what 
‘wo say to him without, at any rate, using that.expression às simply ‘convertible with the 
expression that he retams words (physically. organized nervous arrangements for words) ? 
Whose words'are those which occur in the £0-oalled ‘hearing ‘voices ” of the insane ? 


3 There'are, then, it 1s supposed, two services of words by tae right half of the brain: „the E 
“reception” of words of' others, and the reproduction, of "words which precede our own 
' speech. These arè the two ways other, than speech in which words are supposed to ‘serve. ` 
Doubtless ab bottom these two are alike, ek : "E 
το 
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and to interpret many other difficult parts of our subject. We take 
for illustrations ideation and perception; that is to say, “ propositions 
of images,” which are symbolized by propositions strictly so-called. 
This is truly a part of our subject. It is, indeed, an entirely arbitrary 
proceeding to separate the images symbolized from the symbols of 
images; in what we shall call the ''conflict" both are concerned. 
Nevertheless the artificial separation of them 1s convenient in bref 
exposition. It will suffice for illustration to take count of but one 
image, although two images must be concerned in every ideational 
or perceptive process and also in the stage, preceding ideation or 
perception (ideation may not be followed by perception, but ideation 
must always precede perception). 

It seems clear enough that the process which ends in ideation or 
perception is dual. Before we can see or think of a brick, before 
either ideation or perception can occur, that brick, by actual presentation 
or by indirect presentation through association, must have roused an 
image in us. When we say we see a brick, all we mean is that we 
project into the environment, ideal or actual, the image which that brick 
has roused in us. This image arisen in us is the survival of the fittest 
image at the termination of a struggle which the presented brick has 
roused in us, is the end of the subjective stage; the further stage, or 
the second stage, is objective—it is referring the image already roused 
in us to the environment, actual or ideal. The brick is for us nothing 
more than what it has itself roused in us, so that, instead of using such 
figures as that “the mind impresses its own laws on sensations we 
experience during contact with external: objects," or “that the mind 
originates something additional to them,” or “works them up into 
different shapes," or that it “impresses its own form on them," we 
should, I think, use the opposite figure that an external object acts on 
us and develops in us such as we are, what it can, we being at first 
passive and it active. I think it is plainly so in dreams excited by 
peripheral local excitations-~And in reverie, cracks and marks in the 
burning coals make us see faces in the fire, rouse faces in us. 

Returning to the dual service of words. If we coin the term 
“ verbalizing ” to include the whole process of which speech is only the end 
or second half, we may say that there are in ıt two propositions: the 
subject-proposition followed by the object-proposition, the latter being 
called speech. Spencer writes (“ Psychology,” vol. i, p. 162): “A 
psychological proposition 18 necessarily compounded of two propositions, 
of which one concerns the subject and the other concerns the object, 
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and cannob^be expressed without the.four terms which these two 
proposinons imply.” It is supposed that the subject-proposition is the 

“survival of the fittest” words in fittest relation during activity beginning 
in the right half of the brain, and that this survival is st once the end 
of the subjective and the beginning of the objective stage of verbalizing. 
The subject-proposition symbolizes an internal relation of two images, 
internal in the i sense that each of them is related to all other images 
already organized i in us, and thus it symbolizes states of us. The object- ` 
proposition symbolizes relation of;these two images as for things in the 
environment, each of which i images is related to all other images then 
organizing from the environment ; thus it stands for states of the’ 
environment.; the two propositions together symbolize an internal’ rela- l 
tion of images in relation to an éxternal relation of images.. Thus the 
separation we have made into speech use of words and not speech ise 
of words may appear arbitrary ; 16:16, however, convenient. 

In one of the cases to be presently mentioned in the text—the 
patient, who said “Come on to lme”—there was left hemiplegia, and 
thus the inference is irresistible that his speechlessness was caused by 
damage in the right half of his’ brain. But as he was a left-handed 
man, his case is an ‘exception. proving the rule. It is admitted that 
there are cases of left hemiplegia with aphasia in persons who are not 
left-handed. Besides granting. fully the significance of the fact that: in 
the. vastly greater number of cases loss of speech is caused by disease 


` in the left half of the brain, the ithing of infinitely greater significance 


is that damage i in but one half can produce speechlessness. It is equally 
significant that damage i in neither half produces wordlessness. i 
In a few cases I can state the circumstances of the onset of the: 


' illness, which seem to me to countenarice the Hypothesis stated. The 


man, whose recurring utterance ' was “Comeon to me,” snd sometimes 
only ‘‘ Come on,” was a railway signalman, and was taken ill on the rails 
in "ront of his box. A woman id 'Guy’s Hospital could only utter “ Gee 
gee”; she was taken ill whilst} riding on & donkey. Dr. Russell, of . 
Birmingham, has published the|case of a clérk, who lost speech and. 
became paralysed on one side, after hard work in making a catalogue ; 
this poor fellow could only Bay ν List complete.” Sir James Paget a few 
years ago had under his care in St. ‘Bartholomew's Hospital's man whose 
left .cerebral hemisphere was eae in a brawl. This man ‘could only 
say, ^ I want protection." 

The hypothesis further anfélded, but ‘applied ane to the above- 
mentioned cases for the present, is that the words of the recurring 


E 
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utterance had been revived during activity of the right half of the brain, 
when the destruction of that part of the left half occurred which caused 
loss of speech; that they constituted the last proposition, or rather that 
stage of verbal revival (what we have called the subject-proposition), 
prior to the last proposition (the object-proposition). Even after they 
were: meaningless or, figuratively speaking, dead ‘propositions, remaining 
utterances of which we can only say they were on one occasion speech ; 

.on that occasion fitted to indicate then occurring relations of things. 
On the rails, or certainly at some juncture, " Come on to me" meant 
“Come on to me,” ever after the illness it meant nothing. 

The expression “on one occasion” is not to be taken literally as 
` meaning that; for example, the man who uttered “Come on to me” 
never said that before he was taken ill on the rails. The presumption 
is that he had said it on many occasions, when’trains were approaching 
his post. What I mean rather is, speaking now of the healthy, that 
' there is no such proposition in a. man's mind, excepting when he is 
saying ‘it. On the physical side we would suggest that the nervous 
arrangements concerned during the utterance of any such proposition 
are not excited, nor ready to be excited, in the particular order answering 
to such proposition except at thé time of uttering it Such propositions 
are new speech. The “same "proposition is new or ''latest" speech 
each time it is uttered, ae words or syllables of if are not, so to 
speak, " kept ready made up” in that particular combination; at any 
rate it is “latest speech " when specially applied at a particular time to 
indicate then occurring relations of things which are sot fully ας. 
it is then, otherwise stated, a voluntary use of words. 

From the most automatic or “oldest ” or “earliest” speech, applying to 
well-organized external relations of Pipe up to newest speecb, applying 
to now organizing external relations, or otherwise put propositions 


1 The very same “utterance” which has become automatic by being often used for 
symbolizng frequently presented, and therefcre well-organized, external relations of thing» 
would be once more a voluntary utterance, if it wére used on & new occasion, that is for 
symbolizing ,& relation of things not already organized, but only now organizing. The 
‘ highest,” “latest,” or ‘newest?’ speech (the now organizing or voluntary use of words), 
implies clear preconception; clear preconception is a necessary element for voluntary, as 
distinguished from automatic, operations; in voluntary speech the prior reproduction of 
words constitutes the preconception. If & man utters, as applying to a new seb of circum- 
stances, the most automatic. utterance he has, or if he utters anything ‘‘for the sake of 
uttering ib," as when asked to do go, there is then & voluntary utterance, for then the opera- 
tion ocours-after clear preconception. Disease shows this not to be a fanciful dictum, As 
we have seen, and we shall later on give further examples, a speechless patient may: bo 
unable to say (to repeat) what he has just uttered. We do not affirm that the word “say” 
in this context means & language process. . 
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now -in the making, there are, it is supposed, on the’ physical side, 
only degrees of independency of organization in the sense that the 
nervous centres concerned have lines of different degrees of resistance 
to currents of different force, entering the centres at different points. 
Other things equal, the more automatically serving (the more organized) 
nervous arrangements are lines. of least resistance. ‘There is, however, : 
» the case of very frequently used and véry automatic utterances, such 

s “Very well," “I don't know," 8 near approach to independent 
dier n and in the case of the most common interjections a very 
near approach {ο it. Such utterances constitute what I call old speech, 
or, in the case of interjections, they are verbal processes lower and 
earlier than true speech—utterances not “‘now making,” but nearly, if 
indeed not quite, “ready made up." And at the other extreme, in the 
highest, newest, or latest’ speech, there remains for a short time after 
the utterance a slight. degree of independent organization of the nervous 
arrangements concerned; did there not, we should not know what we 
had just said, and could not go on ‘talking consecutively on any subject. 
If tig reasoning be correct, such a recurring utterance as “Come on to 
me " represents not only the last proposition en permanence, but it is to, 
be looked on as on the physical side, a keeping up of activity (of a 
greater readiness to discharge), of certain nervous arrangements, which 
normally exist only temporarily and only on special occasions, in 
particular combination, and which in health go quickly into subordinate 
function, and soon out of function! > , 

Such a recurring utterance as “ Come on to me" was about to be 
new speech; the words remained em permanence as a dead proposition ; 
a proposition stillborn. We can now describe the case of a man who 
has two sets of recurring utterance as, that of a patient retaining a hew ` 
combination of words, and also an old combination, or rather in the 
latter two monosyllables, each of which is equivalent to a combina won 
of words. ; : 

The reason for thinking that the recurring utterances under remark 
were and continued to be utterances occurring during activity of the 
right half of the brain, is that the left half of the brain is so’ 
extensively damaged that the patient cannot speak; he has no left 
half for their utterance. To say that the ‘disease “caused” these 
utterances—a positive condition—is absurd, for the disease is destruc- 


o 


! Practically out of function, so far as our errs subject is concerned,’ although, : 
obviously, there would be no new acquirements possible, and no memory, if some nervous 
arrangements after their use did not rema lines of less resistance than before. 


€ 


HUGHLINGS JACKSON ON APHASIA AND AFFECTIONS OF SPEECH 155 


tion of nervous arrangements, and that could not cause a man to 
do something; it has enough to answer for in leaving him unable to 
speak. The utterances are effected during activity of nervous arrange- 
ments which have escaped injury. This remark may seem a, truism 
here, but in more complicated cases it is very common to hear of 
positive symptoms being ascribed to negative lesions—to loss of 
function of nervous elements. It is common at any rate for disease 
to be thought of vaguely as something '' disordering the functions of the 
brain.” In the cases we are now dealing with, and in cases of defect 
of speech, and also in cases of insanity, the function of some nervous 
arrangements is lost or is defectwe. But it is an error to ascribe such 
positive symptoms as the recurring utterances in speechless men, the 
erroneous words uttered by those who have defect of speech, and the 
hallucinations, &c., of insane persons, to negative lesions, to loss or to 
defect of function. These positive mental symptoms arise during 
activity of lower centres or lower nervous arrangements which have 
escaped injury, and are only to be thought of as symptoms in the sénse 
of being the fittest psychical states arising during slightly hyper- 
normal discharges of lower or more organized nervous arrangements 
which are then highest, the normally highest having lost functions. 
It might be suggested that not all, but only nearly all, the sub- 
strata of speech were destroyed, and that enough nervous arrange- 
ments remained in the left half for just one utterance. Since, as 
implied in a foregoing statement, I do not believe that words or 
syllables have nervous arrangements in the sense that there is one 
little nervous centre for each syllable, or rather single articulation,’ 
and for no other, and since, too, I believe that each unit of every 
nervous centre is the whole of that nervous centre in (different) 
miniature, I should be as ready as most people to accept this explana- 
tion. But a certain quantity of nervous arrangements, implying a 
certain quantity of energy, is required for every operation. As the 
recurring utterance 18, as a series of articulations, very elaborate, and 
88 the syllables are clearly enunciated at any time, it is not credible 
that shght remains of nervous arrangements can be concerned during 
the utterance of them, especially when looking at the matter on another 


! The reader will observe that nothing 18 said in the text which implies that a word is 
a nervous arrangement representing an alticulatory movement. All that 1s suggested (see 
p. 108) is that the anatomical substratum of a word is & nervous arrangement represent- 
ing one or more particular articulatory movements. The reader will observe, too, that 
we sometimes speak of words, and at other times of their physical bases, but we do uot, 
it ıs hoped, confuse tbe two different things. 
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side we see that these remaitis do‘not serve the patient to utter any 
other words whatever, except. perhaps “ yes” and." no," which I, how- 
; ever, believe to occur also during activity of the right’ half of the brain. 
* The man who uttered “Come on to me” uttered it ‘at any time, ' 
‘with: no effort, .apidly and in fact. just as-well às. a healthy person 
` „could: utter ‘it; "yet except for this and “ yes”-and “no,” he could 
utter nothing alse: It is submitted that Ft- is not. possible that .such 
an utterance was effected during discharges «Οἱ remains.of & nervous 
centre so extensively diseased, that is to say, not during discharges of : 
any part of a half of the brain which was damaged so much as to 
cause speechlessness., It is more likely to be uttered during activity . 
of the undamaged half.’ . 

We repeat, the patient may ' have not ᾽ only such a recurring: 
utterance as “Come, on to me,” but he may, have also the utterance 
* yes" or ‘no,’ ” or he may have "both these "words. pue have-en- 
 de&youred to explain ` the retention:óf «φορ and’ ' by say- 
‘ing that the patient is reduced. to thé, two most aN the two, 
most organized, ‘of all propositions. . We have ‘tried to show thai in. 
- @ sense the principle of dissolution is not ‘contradicted by the ‘retention’ 
of the elaborate recurring -utterances under remark. "There are, we 
have suggested, conditions interfering with: what we may call the 
simple course of. dissolution. The patient’ retains not only his most 
automatic propositions, but his last proposition, the then most, voluntary l 
proposition; the fon Sometimes, the latter always, ceasing to be 
propositions. 7 

“Let. us now look: more paréigalatly at the anatomico-physiological ` 
side: that is, examine the utterance from the side of. degree of organiza- 
tion of nervous “arrangements. We must: bear in mind: that, to speak 
metaphorically, all ‘disease cares -about is degtee of organization ; it 
respects ` processes the more they are. organized, caring nothing about 
important or unimportant., At present we can only speak in outline. 

‘In estimating organization in its bearing on affections of speech, or 
` on any other sort of defects from nervous lesions, we Have to' consider 
recency of ofganization, as well as degree οἳ organization.' It is well 


1H known that in failing, memory recent events are soon forgotten, whilst 


‘old events are remembered; but this is not without qualification; the 
' most recent events are remembered as well as the old; on the physical 
- side, nervous atrangements just. discharged ‘remain for a short time i 
a state of slight independent: organization, rivalling that of nervous ' 
arrangements discharged when the, person-was young. and ` vigorous, or, 
vane of nervous ρα often schep 
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That the nervous arrangements for the words of the recurring utter- 
ance (No. 3) are parts of the patient is a truism; that the words must at 
one time have been revived in propositional form, that certain nervous 
arrangements must at one-time have been discharged in a particular 
order, is another. The hypothesis that the words were being revived at 
the time when the patient was taken ill seems to me warrantable. As 
they remain always easily utterable, and they alone utterable, since the 
illness, 16 is plain that certain nervous arrangements which were being 
discharged when ‘the patient was taken ill, or at any rate which were 
on some occasion being discharged in a particular definite order, remain 
permanently in a state of dischargeability far above normal. For the 
patient not only does not speak since his illness, but whenever since his 
illness he tries to speak, the recurring utterance comes out or nothing 
comes out. Note three equally important things: (1) He has it; (2) he 
has no other utterance (except perhaps “yes” and “no”); (8) he 
cannot get rid ofit. It is- certain that the nervous arrangements for 
_ the recurring utterance have somehow arrived at what is in effect a high 
`. degree of independence of organization. ‘We can say, if the hypothesis 

put forward be true, that the nervous arrangements for the proposition 
just organizing at the time of the illness, those for the words last spoken 
or about to be spoken; remain as well as the most and always organized 
nervous arrangements for the most automatic propositions, and have 
‘somehow achieved a degree of , independent organization greater than 
` that of any other word-processes except “ yes” and “no”; probably 
by repeated ‘utterance after their first utterance. On this matter we 
shall speak later, when considering the phenomenon called by Gairdner 
“ barrel-organism." At present the explanation given may seem to be 
merely a verbal one. We may consider part of the question at once. 
Repeating that the patient has the utterance, and that he cannot get rid 
of it, we restate the question thus: How is it (1) that destruction of 
one centre (certain part of.the left half of the brain) leaves in state of 
hypernorma! dischargeability particular nervous arrangements discharg- 
ing in another centre at the outset of the illness, right half of the brain, 
a lower centre? And (2) How is it.that they do not go out of function, 
as they certainly would have done had not that destruction occurred ? 
We say again that the destruction in the left half is not the cause of 
the recurring utterance; a negative state of nervous elements cannot 
possibly be the cause of positive nervous symptoms. Nor is destruc- 
tion of some nervous arrangements the cause, or at any rate not the 
direct cause, of certain other nervous, arrangements discharging and 


i 
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remaining in & state of hypernormal dischargeability. But plainly, if - 
the man had not béen: “taken ill" he would not have had such a. 
recurring utterance; he would have been able not to utter it, the nervous’ 
‘arrangements concerned would have gone out of function; but since 
his illness, he must utter it when he tries to speak, if he utters anything. 
I believe the solution of the seeming paradox to lie in this, that 
destruction of function of a higher centre is a removal of inhibition 
, over a lower centre the lower centre! becomes more easily dischargeable, 
or popularly speaking, “more excitable,” and especially those parts of 
that centre which are in activity when control is removed. So to 
speak; these parts become autonomous, acting for. themselves, just as 
parts of the spinal cord below a diseased. point become autonomous in 
some cases of paraplegia. Thus: the disease causes loss of Speech; ' 

. permits the increased dischargeability of the right half.. It is τ. as 
cutting the pneumogastric does not cause, but permits, increased fre- 
quency of cardiac beats. But, the simple courss of dissolution being 
^. interfered with in the cases of speechlessness we are writing about, the 
activity of the centre’ manifests itself in the way it was temporarily in: 
when control was removed. The greater excitability of a centre uncon- 
trolled by removal of its higher centre is supposed to be temporary, but. 
the partamen activity may be kept up by repeated use; the speechless 
man’s recurring utterance is being uttered very often; it keeps up WARE 
was doubtless at first a ‘temporary organization. 

We iust be very careful how we use the word ‘ ‘caise ” with agil 
to disease and symptoms. We must never speak of destructive lesions 
causing positive symptoms. It is erroneous, I submit, to say that any 
sort of disease causes elaborate’ positive mental symptoms— illusions, 
hallucinations, &c.—it causes a negative mental condition, the elaborate 
positive mental symptonis are permitted. Here again we see the crudity 
of the expréssion, “disease disorders the function of the brain"; destruc- 
tive lesions cause loss of function of some nervous arrangements,. and 
thereby over-function of others is permitted. Another way of putting 
this is to say that the effects of dissolution are “not always, never I 

suppose, simply those of removal of the more special, voluntary, and 
^ Jeast and latest organized, but are very ‘often also a permitted increased 
activity of the next most special, voluntary, and next least organized. 
Thus in every case of insanity there are two diametrically opposite 
symptomatic mental states together, and. thére must be correspondingly 
the opposite physical conditions together. 


1 Of course, we do not mean geographically, but physiologically lower, more organio, &c., 
and, in some instances, the centre which acts before the one called higher. 
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In some cases there is the utterance of “ yes” or "πο, or of both, 
without any other recurring phrase. This would be explained on the 
supposition that the patient was not saying, nor about to say, anything 
when taken ill, and thus that there were no words being revived, no 
preposition organizing, during activity of the right side of the brain. 
Thus there was, so to speak, nothing to interfere with the simple course 
of dissolution, reduction to the most automatic of all propositions. 

It is to be clearly understood that in not one of the cases do I know 
what the patients are saying, or about to say, at the time of their attack. 
I must also mention that there are observations on record which perhaps 
run counter to the hypothesis. Thus & man, aged 21, suddenly called 
out to his mother, “ Oh! I feel something extraordinary inside me.’ 
These were the last words he spoke, but his recurring utterances were 
“no” and “ Mamma.” Very likely, however, calling out to his mother, 
he would also have cried '* Mamma." t 

I must also declare that of other cases than those expressly 
mentioned, I know nothing at all of particular circumstances during 
the onset of the ailment; which could be supposed to have given rise to 
speech like the recurring utterances the patients had. I have no facts 
to bring forward to show. what were the particular circumstances during 
the onset of the illness of the patients whose recurring utterances were 
severally ' man," “one,” "awful" ‘Yes, but you know,” “I’m very 
well,” ἃς. At first glance it seems unlikely that a patient should say, 
“T’m very well,” at the time she was taken ill; but as a matter of fact, 
people becoming ill do make such remarks. Who has not heard a 
person say, when a httle ill, or when a severe illness was beginning, 
“Im all nght, let me alone," perhaps adding the contradictory 
statement, “I shall be better directly "? 

We must bear in mind that when people are not talking they may 
be speaking, for there is not only external, there is also internal, 
speech.’ 


1 I take this. case from a lecture by πάς. the utterances were in French, but I 
give them as tianslated by Bazire. 


? The reader will remember that the distinction into internal and external speech (only a 
difference of degres) is not that made into the two kinds of service of words, the sub- 
jective and objective. There are degrees of each kind. The subjective, at any rate in 
that part of ıt which is '' receiving speech” of others, is plainly in degrees, we hear and 
** receive " what people are actually saying, we also remember what they have said, which is 
having again, faintly, the words in ourselves which their speech had revived strongly. It 
must never be forgotten that when we hear and understand what anyone says to us, we can 
only do so because our own words are 1evived in us; if I have not the words ''gold," “1s,” 
“yellow,” organized in myself, ıt ıs of no use any one saying “gold is yellow” to me. 
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Whilst thinking on anything, at le&st beyond the simplest, we are 
. using words, and when thinking on anything complex, are speaking 


` internally. But I do not see how we are to verify the hypothesis that 


"B patient: 8. reéurring utterance was. 8 survival en permanence of the 


words he was internally using; unless perhaps the ciroumstances and 


' the conditions ofthe patient are known very exactly.. 


τ activity 


We have to.cohsider how the hypothesis applies . to the recurring 
ος Νο. 1 απᾶ No. 2. How is it that there 'is (except perhaps. 
“yes” and "no? jargon only, or. but’ one “word only ? The. difficulty 
is gréatest with regard to the jargon (No. 1), and this I shall chiefly 
consider. I believe the jargon.to be made up of fragments of the words 
or phrases the patient was sbout to utter when taken ir. 

Tt is, I grant, a mere guess that a Spo woman, whose recurring 


utterance (I. spellit from the sound) was. me” -“ me,” " pittymy;" 
“ committymy, " “lor,” degh," was saying, when ο. WAS. taken ill, 
" Pity me," “Come, pity me," "lord," ''degr"—that her recurring 


on-utterancé represented what was’ part of the verbal revival prior 
last propositional or interjectional utterance, that it was a corrup- 
tion of\syllables of some of the words which were being revived during 
the right half of her brain, when destruction in the left half 
produced’ oss of her speech. Tügro is a greater difficulty, in supposing 





‘that such & jargon- -utterance as “ yabby,” resembling no English word, 


' was made up of fragments: of ‘words which were being revived during 


~ 


aótivity of the right half of the brain, when the patient'was taken ill. 


,To say that “ yabby " was a jumble of syllables of some words about 


to ‘be uttered will appear to be carrying the hypothesis to its logical 
conclusion with. more determination than .causion. 

Let us pause ` to remark on :occasiónal temporary,” jargon, and on 
something approaching. ο it, ih other aphasic ` cases. “Some patients, 
who have only defect -of speech, and whose erroneous ubterances are . 
nearly always real words, may occasionally utter "' “jargon, ag“ totano.” 


. I confess that I.am unable to trace the. steps of the formation of.süch 


jargon. ΄ Occasionally theré is a very near ‘approach ioa ομως 
of „syllables ofa word. One of my patients said “ gippin’ ’ for * ‘ pigeon." 


` Similarly the objective Í is in two degrees ; there 18 ‘both internal and external speech, corre- 
| sponding to ideation and. perception. Speech in etther of these degrees is supposed to: be' 


preceded by an automatic and subconscious reproduction of words (by a subjective proposition), 
Just as either ‘‘ internal” perception (ideation) or '' external " ideation. (perception) is preceded. 
by& subconscious and automatio reproduction of images. ‘It is not meant that, either betwixt 


ideation and perception, ος betwixt internal and external speech there are differences only in 


‘simple degree ; the degrees are, I think, triply compound: ' 


D 
PES 
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There is another kind of change: one of my patients said “lamb and 
erobster" for “ crab and lobster.” There is here a fusion of the first 
syllable of the second word with part of that of the first, or rather, 
perhaps, speaking of the physical side, & result of attempts at two 
articulations. Such blunders occur, I think, in persons whose speech 
is only very slightly defective: I mean in those who, for the most part, 
speak well. The following occurred in healthy people: “' mukes from 
Boodie's," for “ books from Mudie’s:’; “get a cash chequed,” for " get 
8 cheque cashed.” A similar thing occurs in writing, as “Mear Dadam,” 
for “ Dear Madam "; “pred budding," for “ bread pudding.” (This is 
interesting, as showing that expression by writing is really speech.) 1 
believe that these troubles of speech are owing to hurry on the right 
half of the brain, to hurried reproduction of the words of the subject- 
proposition. Believing that images and words-are subjectively revived 
in an order the reverse of that in which images and words are finally 
arranged, I suppose, speaking roughly, that the words of the subject- 
proposition ‘‘come over” to the left side prematurely. These utterances 
are jargon, the sources of which we can trace, in so far, I mean, as 
fusion of an initial syllable of a second word with that of a first word 
goes. And I believe this to result from hurried action in patients who 
have defect of speech, partly for the reason that such and similar 
mistakes occur when a patient replies at once to questions abruptly put 
to him, and because when not hurried, when not “ taken suddenly,” he 
may speak for the most part well. 

We can now return to consider more easily the permanent recurring 
. jargon of patients who are speechless. We speak of what is supposed 
to have occurred in the right half of the brain, when the speechless 
patient was uttering, or about to utter, his last proposition. If the 
reader does not go with me in supposing that the right half of the brain 
is concerned, he must, at any rate, believe it is some part other than 
that on the left which the disease destroyed. It is suggested that when 
the recurring utterance is in clear propositional form, such as ‘‘ Come 
on to me,” the right half of the brain was acting normally or usually ; 
that when it is a single word or jargon, ıt was acting abnormally, being 
“hurried.” What is the cause of this hurry? I believe it to be strong 
emotion. At the time of the onset of the illness, we may suppose 
strong emotion would be induced by the external circumstances, or 
much more probably by the setting in of the illness, the patient being 
afraid of worse to come. Here, of course,-a knowledge of the patient's 
temperament is very important. The patient who uttered “me,” “me,” 
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“pittymy,” ‘‘committymy,” “lor,” "deah," was, to my own observation, 
a most excitable woman, Her husband used to remark on this. He 
said she was fond of sensational tales; she would any time go out in the 
night toa fire. Strong, especially suddenly induced, emotion implies, 
on the physical side, great nervous excitation, that is to say, strong, 
wide, and sudden discharges; there will, under strong emotion, be more 
rapid and more numerous and therefore conflicting, discharges of 
nervous centres. In the cases under remark we consider the result 
of discharges on centres for words. 

The result of numerous sudden, strong, and therefore conflictin, 
discharges, would of course be the survival of the fittest, but the 
survival amidst too numerous ‘and too strong discharges would not be 
an elaborate and perfect proposition. We suggest that it would be but 
one word or a jumble of syllables of some words. Of course “ fittest "' 
here does not mean “the best,” nor the fittest for the external 
circumstances of the time;.1t is the survival o2 the fittest under the 
internal circumstances.’ The fittest words of syllables are the victorious 
words or syllables, which have survived during a conflict of very strong 
and sudden discharges, beginning deeply in the nervous system, and 
ending, so far as we are now concerned, in that of many nervous 
arrangements for many words. Such survivals may be little fit or not 
fit at all to the then external circumstances, they express the emotions 
and ideas induced well or badly, as well as it can be done under the 
circumstances. 

It is supposed that jargon is a survival of, some of the syllables 
or articulations, more or less fused during the sudden termination or: 


! The words and images which survive during healthy diszharges are survivals of the 
fittest. So ıt is in disease, The images that survive in delirium are the then fittest, 
considering that some of the highest nervous arrangements are hors de combat. The delirious 
patient is not the same person as that patient before his delirium set in; the delinous 
patient 18 the same man minus more or fewer of his highest nervous arrangements; his 
delirium 18 the fittest mentation then possible. In all cases ıt is supposed that what becomes 
conscious is what survives at the end of a conflict; the conflict 18 almost at zero in highly 
organized processes, such as those for recognizing very simple and very often seen things; 
in these cases consciousness is almost at zero too. In movement of any part of the body 
there is not only co-operation, but antagonism also of muscles or muscular strands 
(Duchenne uses the expression ‘co-operation of antagonism’’). The antagonist pulle— 
those against the direction of the displacement to be effected —may be symbolized as minus 
quantities; the pulls co-operating 1n that direction as plus quantities. A movement is then 
not the arithmetical sum of pulls of all the mnscles engaged, bu; the algebraical sum of the 
pulls ‘Transferring these ideas to antagonistic and co-operetang discharges of nervous 
centres, we may suppose that what we have called, both for health and disease, the survival 
of the fittest during a conflict of numerous nervous discharges, 18 the algebraical sum of 
what on the physical side are co-operating and neutralizing discharges during the conflict. 
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arrest of a strong conflict of discharges of numerous nervous arrange- 
ments for different words. It is & popular doctrine that strong emotion 
leads to incoherent utterances, which, I suppose, means the survival of 
words symbolizing: more than one different set of ideas. Strong and 
suddenly induced emotion may lead to temporary speechlessness ; we 
suppose that temporary speechlessness with: great emotion betokens 
very numerous and strong nervous discharges, conflicting so as to 
balance or neutralize one another... In some other cases of disease 
psychical states cease during sudden excessive discharges. An illustra- 
tion is that during sudden and strong discharges, epileptic discharges, 
beginning in the very highest nervous arrangements (consciousness), 
the substrata of consciousness cease. 

We now consider the recurring utterance of one word (No. 2, p. 132). 
Let us first note what occurs in health. Very often under strong and 
sudden emotion, a normal or usual degree of speech 16 not possible; 
some inferior speech is possible. When there is not incoherence, but 
one word may be uttered or rather exclaimed, as '' Fire!” “Help!” the 
utterance 1s indeed often a very simple injection, as “Oh.” One word, 
as " Fire! " might in normal circumstances be propositional only or so 
practically ; it might mean “ there is a Fire," but exclaimed under 
strong emotion it is also largely of interjectional value. Strong emotion 
leads to inferior speech, to more automatic, more organized utterance, 
Figuratively speaking, emotion ‘uses propositions in a largely inter- 
jectional manner, that is to say, reduces them to or towards inferior 
speech. Emotion, as ıb were, still speaking figuratively, appropriates 
and subordinates an intellectual utterance. There 1s at any rate an 
interjection in the making, in the exclamation “ Fire! " * Help!" &., 8 
degradation of speech (compare swearing). We see in the utterance 
itself, that with a fall in the intellectual element there is a rise in the 
emotional one. There may be an equal, no doubt a greater, liberation 
of energy during these utterances, but it is directed more strongly 
on the vocal (including respiratory) organs, to those organs which serve 
especially during emotions. Strong emotion tends to more automatic, 
inferior utterance. 

I suppose, then, that strong emotion, or rather, of course, the nervous 
discharges accompanying ıt, may have led in the becoming speechless 


! Probably there is a more complex condition; during strong emotion, there are rapid 
and strong discharges on the vital organs which soon lead to exhaustion of these organs , thus 
there will be a multiplication of effects; the cerebrum, especially its highest centres, will be 
ill served with blood. 

5 i 
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man to &o- rapid a discharge of so many nervous arrangements of higher 
cerebral centres, in this case for words, that in the great struggle result- | 
ing, the survival of the fittest was a survival, not of the best for the 
then .éxternal circumstances, but of but one'word, or of some syllable ` 
“or syllables: the fittest was then an interjection, or only some pee of 
. sentences .or parts of words fü&ed into jargon. : ‘ 

Rapidity of ‘emotion is the great thing in “the above. considerations: 
"In another way we are concerned with rapidity—with rapidity of the. 
being, taken ill, which means rapidity of destrichign of nervous arrange- 


` ments in the left half of the brain. 


In all cases of nervous disease we must endeavour. to; estimate most 
carefully the element of rapidity of lesions, not only the quantity of 
nervous elements destroyed, but the rapidity of their destruction. We 
have to try to estimate the momentum of lesions. We, however, use ` 
the term “ gravity of lesions.” . I do not pretend that I can show the 
bearing of the factor rapidity on’ symptomatic conditions in, cases of, 
affections of. speech. It is fair, however, to consider it in this regard“ 
to suggest’ a basis for: future investigation. The slowness with which . 
a lesion comes on is determined ‘by the slow onset of the syraptomatic 
conditions ; ἃ small sudden hemorrhage produces greater, but a more , 
temporary effect, provided it does not at once kill, than a large, slowly ` 
developed softening. But in the. latter the ‘paralysis or other- defect 
depending on mere νος, of the centre is more local aid. more 
lasting., a 3 
A. very Sudden graye $m would render. unavailing all external: 
' circumstances, and would prevent all emotion, for it would produce 
unconsciousness at once; a less grave one would prevént the influence' 
of external circumstances, but would develop emotion. ‘A lesion of very. 
little gravity would allow external circumstances to act, but to act quietly : 
' ánd allow clear propositions-to.be framed. Repeating in effect what has 
been said, it does not follow that the lesion in the latter-case is not an 
extensive one; the question we are now about is as to the dri of 
lesions, metaphorically speaking mw of lesions. . 

We should then note whether the aphasia and hemiplegia are aniye 
produced, whether or not there be sudden loss of ccnsciousness, and note 
‘also the length of the coma, if there be any. ‘Everybody does this for’ 


'. elinieal purposes, in order to obtain’ empirical evidence of the kind of 


pathological process, whether it be clot, softening, &c.; but we should’ 
use the facts also as regards the interpretation of the kind of recurring 
utterance the patient may have. Perhaps the bearing of rapidity of 
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destruction on the nature of recurring utterances is not made evident in 
tke above. It is not here directly a question of rapidity of destruction 
of any centre, or of “shocks” given to centres connected by fibres with 
the one suddenly damaged, but a question of the indirect effect of 
repidity of destruction, of such destruction in so far as it is a sudden 
removal of control (or inhibition) over lower centres. Of .course by 
“lower centre” we do not mean one geographically lower, but one 
acatomically and physiologically lower. The destruction can only 
directly cause negative symptoms; it neither directly causes the utter- 
&rcé nor interferes with it; it may be popularly said to cause it and to 
afect it indirectly, but it is better to say it permits it. In so far as 
04368 of aphasia are concerned, the above is hypothetical. ' Let us con- 
sider the principle stated more generally. In other cases of nervous 
disease rapidity of- dissolution is, I think, evidently an important factor 
with regard to symptomatic conditions. The epileptic maniac is the 
most furious of all maniacs. Why most furious? The fury is the 
psychical side of what is physically, of course, great activity of nervous 
arzangements, it is activity of lower nervous arrangements; for as the 
furious maniac is insensible also, it is plain that his highest nervous 
arzangements are hors de combat. Why, then, are the lower nervous 
arcangemenís so active? I believe it to be because the process of dis- 
solution effected in the epileptic paroxysm prior to the mania is the most 
rapid of all processes of dissolution—control is most rapidly removed. 
Let me try again to make this clear by formulating it otherwise. Wo 
have not only to consider “depth ” of dissolution, but the rapidity with 
wkich the dissolution is effected—control removed. I believe we may 
say that the deeper the dissolution, the more general and more automatic 
are the processes remaining, and that the more rapid the dissolution the 
mcre excitable are the nervous arrangements of those processes So 
_ thet with shallow and yet rapid dissolution the actions are elaborate and 
also busy; with deep and rapid dissolution, they are simple and also 
"violent (it is not a question of “importance " of actions). 

I presume, then, thai the more rapid the destruction of the part in 
the left half of the brain, the more excitable would be the nervous 
arrangements in the corresponding undamaged right half, and thus that 
the activity of it would be greater—greater for some time after the onset 
of the illness. But the more rapid the destruction, the more quickly 
there would be loss of consciousness; thus the then external circum- 
stance would be unable to act at all, and although the lower centre 
might be more excitable than usual, there would be nothing for it to 
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manifest as a result of what was saying or doing ‘ab Ἐπ onset 
“illness. 

To recapitulate. By considering (1) the external ‘circumsta 
the time of the being taken ill; (9) the intensity of the emotior 
‘ander which the last attempt at speech was made; and (3) the 
‘of the lesion, we may, perhaps, be able to show why this or that 
UE utterance remains in particular cases of speechlessn« 

- We shall now. consider phenomena analogous to recurring uti 
in some cases of defect of speech (No. 1, p. 115), in order to wi 
basis of investigation. 

The patient who has defect of speech.may get dois a word, 
"wrong, and go, on uttering it; or he may even get out. & prope 
such as “ Very well," and go-on uttering that in rejoinder to 
questions to which it is irrelevant, being aware of that irrelevan 
use Gairdner’s expression, who drew- attention to this peculiar 
patient gets the word or phrase on his 'barrel-organ." It | 
a temporary recurring utterance; the permanent recurring utte: 
_loss of speech may be called permian enit barral-orgemiciy. In 
' defect of’ speech.the patient may write a little, and then go on 

' the same gyllable'or word or phrase over and over again. Her 
is evidence, although indirect, of " barrel-órganism." of w 
Allahla, l 
i ΝΤ following is 8 letter writteñ by a patient who had, d 
speéch : it’ was not punctuated. He first wrote his address c 
. which Mor obvious reasons I do not give, I substitute “ Hur 
. North wington Road" for it; the address recurs in me let 
fioc pres is. put. in place of it:— - 

* Dear Sir,—I feel very well just now” (“for now " and “ 
came, next, but are crossed out) "for Hurst Row I feel very ` 
now for thingg in the first way ‘for the thamk now. I know no 

_in the first now'in. the first now in the Newington Road. Il 
first way in Newington Road the poor way is the best way for n 
best way for me is the best way for me is the best way the we 
best for ane for ways -kept tor me for kept. ways kept me for v 
for mé. 

Here 'ends thé letter. (There ig, howevér, plainly ἝΡΠΕΙ 
` than barrel-organism in it. 

‘From what would be generally called the physical’ sphere Ww 

` illustrations in some cases of loss of speech of “ barrel-organig 
after getting an aphasic to protrude his tongue, werask him to 
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hand on his head, he may, instead, open the mouth and perhaps put out 
the tongue. This, I grant, may be of doubtful interpretation. 

Here let us note another peculiarity ın cases of defect of speech, 
which, perhaps, can only be shown to concern us indirectly in regard to 
what has been said. It is a very important matter in the elucidation of 
the nature of defects of speech, and niay properly be mentioned now in 
order to suggest inquiry if there be anything analogous in the recurring 
utterance in cases of loss of speech. In some cases of defect of speech 
we find that the patient who has uttered a word or phrase correctly, 
and who goes on re-uttering it as a reply, cannot repeat it when he is 
told and when he tries. He has said correctly, *I don’t know.’ We 
tell hum to say “I don’t know ” ; he fails. Whether there is anything 
strictly analogous to this in the case of permanent barrel-organism Nos. 1, 
2, and 8, as there is of “ no," No. 4, will not be easy to determine. For 
if we ask the patient to say his elaborate recurring utterance, just as we 
ask patients who reply “no” to say that word, there is the difficulty 
that the recurring ‘utterance comes out when they try to say anything ; 
and thus its coming out may be not saying 15, but s.mply uttering it as 
at any other time. I confess I have no personal observation on this 
matter worth mentioning. It has long been known that some aphasics 
at least cannot say parts of their recurring utterances. Thus a patient 
of Bazire’s uttered “sapon, sapon,’ but could néver say “sap” or 
"pon" only. Trousseau makes analogous observations. But here 
obviously there ıs a difficulty. What we call part of a word ıs really 
another word or syllable. A patient who consulted me for loss of speech 
learned to say—not merely to utter— Battersea” ; but she could not 
say “batter.” ` When asked to say it, she said ‘ Battersea.” 

Here we may make further remarks on dual mental action, taking 
this time not the process ending in ideation or perception, or both, but 
the process ending in voluntary, as distinguished from automatic actions. 
What we now say may serve to integrate remarks which necessarily 
came now and then incidentally in discussing different parts of our main 
topic. We make a few preliminary observations. 

We must bear in mind that ‘‘ will," “memory” and ‘ emotion," are 
only the names men have invented for different aspects of the ever 
present and yet always changing latest and highest mental states, which 
in their totality constitute what we call consciousness—-consciousness 
being really a name for a series of varying and different consciousnesses. 
There is, however, a double series, subjective and objective conscious- 
nesses. Each one of the series of object consciousness is secondary to 
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a state of consciousness or subconsciousness, representing us altogether, 
"gubject-consciousness. It is this duplication, I suppose, which gives us 
the feeling that we have a sort of general and persisting consciousness, 
and are also now, now, and now, conscious, this or that particular way, 
and which makes us say that this or that sensation or image comes into 
consciousness, or that we have a sensation and know that we have it. , 

Taking “wil,” “memory,” and * emotion" to be real independent 
entities or faculties reminds one cf the old woman's remark, “ How. 
lucky it was-that Adam called all the animals by their right names.” 

To say a word or proposition when told “for the sake of saying,” 
is not a language process at all. A speechless man’s inability to 
say "no" when told is a thing of the same order as his inability to 
protrude the tongue when told. The consideration of such facts will 
help us to classify the phenomena of cases of aphasia on a deeper basis 
than that of language. To use an expression somewhat loose in this 
connexion, there is loss of certain voluntary actions in some cases of 
aphasia, with conservation of the more automatic—a dissolution affecting 
more than language processes, and affecting larguage processes not so 
much as language processes, but as they are some of the voluntary 
‘actions. We have to consider speech on this wider basis in order that 
we may be better able to see how speech is part of mund, and thus to 
get rid of the feeling that there is an abrupt and constant separation 
into mind and speech. ` ; 

It is in considering the nature of these phenomena that we see, 
'I think, the bearing of Spencers remark on the distinction betwixt 
voluntary and involuntary operations. Where we have to do with 
quality of mental processes. In the voluntary operation there is pre- 
conception; the operation is nascently done before it 1s actually done, 
there is a “ dream ” of an operation as formerly doing before the opera- 
tion; there is dual action. Before I put out my arm voluntarily I must 
have a “dream " of the hand as being already put out. So too, before 
I can think of now putting it out I must have a like “dream,” for the 
` difference betwixt thinking of now doing and now actually doing is, 

like the difference betwixt internal speech and external speech, only 
one of degree; in one there is slight discharge of a certain series of 
nervous arrangements, in the other strong discharge of that series. 
The “dream " must occur before I either think of now doing something 
or before I actually do that thing, just as words must be reproduced ın 
me before either I can say them to myself or aloud. To say that we 
know what we are going to do, or that we are intending to do this or 


t 
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that amounts to admitting the above hypothesis. These expressions 
imply our having a nascent excitation of nervous arrangements repre- 
senting the parts formerly concerned in doing that which 16 now to 
be done again. If we say we are trying to do something, we mean 
similarly, and so we do if we say we remember how to do anything ; 
there being no “faculty " of remembering an action apart from having 
the: action (as it was formerly doing) again actual, although faintly 
actual, nascent. To “will,” to “know,” to “intend,” to “try,” io , 
“remember,” have each, in their several contexts above, the same / 
meaning. They are different names for the subjective ipid 
ed' the 













which precedes objective reproduction; they are names for : 
of what was once doing and is now to be attempted : 
simple expressions, “ He speaks," ' He does so ply the 
duality; imply objective activity following subj 
speaks," or “He does," implies a then tempo 
person into, subjective and objective, "he" repre that person’s 
whole self of course, and “speaks” or “does,” repreents something 
doing by his whole self. E capressdis the whole of him in the 
stage we have figuratively called having a “dream ” of a past operation, 
“speaks” or “does” represents the whole of hm in the stage of 
imitating it. (We say figuratively, because we do not mean a visual 
ream, but having again sensations representing parts of the body 
as being moved thus or-thas) To take a simpler case, , 
ich, however, usage will not allow, application of the 
d “involuntary,” “he has this sensation.” Sub- 
sation arisen in him which associated directly 
indirectly with all others—all that have been 
ve is disassociatj sensation is considered 
; in relation to those 
gn thus: “He 
4 15 a rhythm 
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themselves, their nervous arrangements being broken up; he has lost 
& part of himself. And were we to say that the patient desires to do 
those things, we should only mean that he retains the subjective actions, 
which in health are precedent, and are to him the preconception of the , 


. objective actions which cannot follow,,for the simple reason that they 


we utter can havej for us, any meaning as gymbolizin 


‘we must first remember the. words and then say, 


_here ‘begins, o 


do nof exist. I suppose such expressions of duplication of mental states, ᾿ 
“ideas of actions,” ‘memory of words,” “feeling a sensation," and 
“knowing that-we have this or that'feeling," &c., imply that there is 
first ‘and: subconsciously the action, or the word, or the particular 
sensation associated with (because arisen out of) the already organized 
hole selves (subjective actions, words, &c.), before the second 
j them or rather of their duplicates in relation to what is’ 
then or m the environment. «Α subjective word is first a 
b with all other.organized words, symbolizing‘ all 
rwards a symbol'of, a particular image; an 
objective wor irst a symbol of a thing and” next acquires new |. 
associations wit other “words, then using along. with it and similarly 
arisen to indica. e new relations -of things in the environment." ` 

' In healthy spxech-it is hard to: see how we, can have a proposition 
(either in the degree of internal.or-in that of external speech) before 
the words of that PyOp ο have been subjectively revived. Otherwise, 
how: should. we bé'moke than machines? Words must have arisen. 
in us in an order eymboltzing states arisen in us, before 























of things one to another in the, environment. To 


We do not, a already incidentally implied, 
subjective and of the o 


of some oper 
If I am to pu 
with, the h 
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in the limb engaged, and (0) currents coming from the rest of the 
body, as being thus or thus fixed, or as thus or thus variously displaced 
durmg the particular movement of the limb. And of course there 
18 an accompanying series of outgoing currents, for if there were no 
motor element we should have no knowledge of the relations of the 
parts moved to one another and to the rest of the body; incoming 
currents would not suffice to give this relation any more than incoming 
currents from retired retinal elements, without accompanying ocular 
movement, would suffice to give us a knowledge of the relations of these 
elements one to another; and, plainly, unless retinal elements are first 
known as out of one another, impression on them by objects would give 
us no notion of the exterior extension of those objects. Similarly, 
until we have already a knowledge of the relation of parts of the body 
one to another, we could not begin to make any movement of part 
of the body to operate on the environment. During discharge of this 
unit a psychical state of what was formerly doing arises. When the 
operation is to be repeated, to be done now voluntarily, the other unit 
. discharges the operation, starting from an attitude of the body and 
passing on to the end of the operation by the limb. Manifestly this 
must begin by an attitude of the body, and the progress in the arm will 
be from the shoulder to the hand, in an opposite order to the “ dream- 
movement." It is during the play of these two movements that what 
is called muscular sense arises. The psychical side of one process 
is part of what we call desire, of the other of what we call effort. 

That subjective states arise in an order the opposite of that they are 
arranged in in corresponding objective states, is supported by the analogy 
of some dreams. A noise develops a dream, but, sometimes at least, 
the noise; which in reality acts on the sleeper first, is last in the dream 
it excites. In all dreams provoked by local excitations I suppose the 
transfigured excitation comes either last or later than the excitation 
itself. And I suppose that in such a proposition as “gold is yellow,” 
the subjective order is the reverse of the sequent objective order ; for 
our concern is first with the yellowness of gold, not with gold. This 
view is, I think, in harmony with what was said on transposition 
of syllables in mistakes of the slightly aphasic and the healthy. I 
believe there to be a duality also in automatic operations; but in this 
case the movement has so often followed the dream that the two are 
nearly equally perfect and easy. The voluntary operation, the prior 
* dream," is imperfect, or, if perfect, the movement done after ıt does 
not imitate it closely; we try to do so, and fail. Becoming automatic 
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by repetition is, on the T A side, for the two units to discharge 
more nearly together, because lines of less resistance are established ; 
there ıs less delay betwixt them, and thus preconception through the 
discharge of the first umt and less sense of effort during discharge 
of the second. Thus less and less consciousness attends processes the 
more they become automatic’; subjective and objective actions become, 
as it were, nearly fused. Ἢ : 

Let us now take other kinds of nervous affection which show some- 
thing analogous to permanent barrel-organism of speechless patients. 
We wish to point out that there is evidence that operations going on at 
the time of unconsciousness supervening remain nascent or in abeyance, 
are not always swept away, during the unconsciousness. During the 
restoration to consciousness they become active again; on full restoration 
to consciousness, they cease. 

Directly after or in coma from.various causes, we occasionally see a 
reversion to actions doing],when the comatosing lesion occurred. An 
ostler coming round from coma, due to the kick of a horse he was 

grooming, began to “hiss” as grooms do when engaged in rubbing 
down horses (Brodie).' 

Abercrombie writes: “A lady, whose case has been communicated 
to me, was seized with an apoplectic attack while engaged at cards. 
The seizure took place on a Thursday evening, she lay in a state of 
stupor on Friday and Saturday, and recovered her consciousness rather 
suddenly on Sunday. The first words she then uttered were by asking, 
“ What is trumps?” 

I suppose the above instances show that actions nascent at the time 
when the illness’ occurred remained so during the coma, and went on 
again actively when consciousness was being restored; on full restora- 
tion to consciousness they ceased, the barrel-organism was temporary, 
because the highest nervous centres were only temporarily hors de 
combat. 

The following case, kindly supplied to me by Dr. Buzzard, has 
never been published. It may be taken as a faithful record, since the 
observer's qualifications as a neuropathologist are of the very Highest, 
It is one of extreme value in many ways. 


1I suppose tbe following to be analogous, although consciousness was only partly restored ; 
the action of laying the oilcloth had become '' barrel-organio " A woman I was asked to see 
in 8 surgical ward of the London Hospital, who fractured her skull by a fall when laying 
down the oilcloth on a staircase, kept, during partial unconscionaness a few hours before 
death, manipulating the counterpane of her bed. We supposed this to be a continuance of 
the action of laying the oilcloth , the patient desisted for & time, at least when the nurse 
assured her '' 16 was properly laid.” 
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“ About fifteen years ago, a medical friend of mine, some 57 years of 
age, was pitched on to his head, owing to the horse which he was riding 
having put his foot in a drain. He was taken home in a state of pro- 
found insensibihty, in which I found him very shortly afterwards. 
From the symptoms ıt was probable that he had fractured the base of 
his skull. For some hours (I have no note of the number) he lay in a 
state of deep coma, incapable of being aroused. From this his condition 
gradually changed to a state in which he appeared to sleep, but would 
reply “ yes” or “no” to questions put to him. He did not appear to 
notice anything about him, and never volunteered a remark, but scarcely 
ever failed to reply in the way described, and with such an amount of 
propriety that I remembered ıt was difficult at first to beleve that he 
was unconscious. Offered food, he would sit up in bed, drink it with- 
out a word, lie down again and go to sleep. On one occasion I wanted 
him to take a common black draught, but he appeared to resent this, 
said "No! no!” fiercely, and turned away. By a little persistence, 
however, he was induced to swallow it. He would get out of bed, take 
the chamber utensil out of its place of concealment, and pass urine 
regardless of anyone in the room. 

“One morning, to my astonishment, he got up, walked to his 
shaving-glass at the window, and proceeded to lather his chin. He 
then shaved himself, with very fair completeness, and returned to bed. 
I happen to know that this was the way in which he invariably 
commenced his morning toilette, for he was a late riser, and he had 
frequently risen and shaved himself during my visit. From this day 
he got up every morning about the same time, repeated the operation 
of shaving, and then returned to bed. The action was performed with 
the same evident unconsciousness of the presence of others which we 
see in the somnambulist. Having returned to bed he would lie for the 
rest of the day in a dozing state, which was only interrupted by his 
taking food and passing his evacuations, which actions were evidently 
performed in a purely automatic manner. 

“ Upwards of a fortnight from the time of his accident he woke up 
into consciousness, noticed persons in the room, and made some slight 
remark. lattle by little during the next hour or two he began to 
converse at greater length, referred to circumstances relating to his 
business which had occurred before his injury, and it became presently 
evident that the time during which he had been in bed had left no 
trace upon his memory. Of the injury itself he knew nothing what- 
ever, the last thing which he remembered being that he was riding on 
horseback. 
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" When asked the day of the week and month he unhesitatingly : 
gave the date upon which (more than a fortnight previously) he had 
met with the injury, and became quite angry when assured that he ` 
was mistaken. The period of his illness had been cut out, as it were, 
of his life in the cleanest and most complete manner, and not a trace of 
it has ever since presented itself to his mind.” 

In the above-mentioned cases the patients recovered, and thus their 
cases are not closely analogous to our cases of permanent barrel-organ 
utterances in aphasia. A patient who recovers soon from aphasia loses 
his recurring utterance, becomes able not to utter it. These cases are 
analogous, and so is the temporary barrel-organism of some patients 
with defect of speech. In the permanent barrel-organism or recurring 
utterances of patients who remam speechless, the restoration of the part 
(in the left half of the brain) placed hors de combat is impossible; it 
was destroyed altogether. The following case is more closely analogous 
to these cases than the above. Abercrombie relates (after Conolly) : 
“ A young clergyman, when on the point of being married, suffered an 
injury of the head by which his understanding was entirely and per- 
manently deranged. He lived in this condition till the age of 80, 
and to the last talked of nothing but his approaching wedding, and 
expressed impatience of the arrival of the happy day." 

What does recovery in the case of the cures of barrel-organ 
actions mentioned mean? It means restoration to functions of some 
or enough of the highest nervous arrangements; it means return of 
control. But in cases of speechlessness from entire destruction of 
nervous elements there can be no restoration; the control does not 
return. The recurring utterance remains, and by repetition becomes 
highly organized. 


WORDS AND OTHER SYMBOLS IN MENTATION. 
[Medical Press and Circular, August BO, 1898, vol. 1i, p. 205.] 


WHEN anyone says that words are essential for thought, he may, 
I suppose, mean that words or some other symbols (or both words and 
other symbols) are so. Pantomimic actions, for example, are symbols 
‘analogous to words) and untrained deaf-mutes use these, not only for 
inter-communication, but also in thought. There are in all men, I 
submit, actions not reaching the rank. of what would commonly be 
called pantomime, which are symbols in mentation. In all cases it is 
meant that propositions of symbols (verbal or pantomimic) serve in 
mentation, evidently to speak 1s to propositionize. This being said, I 
may, without misleading, speak of symbols as if they were independent 
of one another. I use the term “action” for the psychical “side” of 
what are physically movements.! 

Since lower animals think, ıt may be asked, “ What are their 
symbols?” if symbols are necessary in mentation. They have no 
words, but: I submit that they have other symbols—inferior symbols, 
symbols but little symbolic—which serve in their lowly mentation. 
This matter I can only deal with after speaking of symbols ın the case 
of man I begin with words. 

A word is a psychical thing, but of course there is a physical process 
correlative with it. I submit that this physical process is a discharge 
of cerebral nervous arrangements representing articulatory muscles in 
a particular movement, or, if there be several syllables, in a series 
of particular movements. 

Strictly, no doubt, the physical basis of a word, or rather syllable, 
is ἃ sensori-motor, an audito-articulatory, nervous arrangement. But 
in speech, the objective part of verbalizing, our main concern is 
with the motor element of the physical basis of words. It is current 
doctrine that the part of the brain destroyed in cases of loss of speech 
(aphasia) is motor, and that it is a part of cortex cerebri (Broca’s region) 


! There are, I think, also arbitrary image symbols serving in mentation ; of this matter 
I shall speak later. 
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representative of movements of the tongue, δε lips, &c. Artificially, : 
induced discharge of what in the monkey is homologous with Broca's 
region, produces movements of the tongue, palate, lips, &c.; and so far 
. 88 we can see, there are no other effects from that discharge. And I - 
suppose no one doubts that very strong discharges of Broca’s region in 
man (such discharges, I mean, as occur in cases of “ cortical epilepsy ") . 
. produce convulsion of the muscles of the same parts; this convulsion . 
18 nothing other than a “running up” of many Γον of the 
muscles of the parts mentioned into a stiff struggle. . . Charlton 


Bastian, however, thinks that the whole of thé so- coiled E region 


. (Rolandic area of the cortex cerebri) i is not motór but kinssilietic. The 2 i 


opinions of this distinguished physician deserve most respectful consider-. 
ation: Possibly, nearly all I say: about what I cal the motor part of the 
. physical basis .of words, might .be accounted ‘for on Bastian’s-doctrine 
of kinæsthesis. I continue, however, to speak of' -Broca's- region. as 
motor. - 7 
'It.has been said that cases of aphasia, ‘let us suppose : cases of speech- 
lessness, give proof that thought-is possible without words. We do not 
often 'encounter.a case of complete. ο sees the PEN whom 
we call speechless can nearly always reply by." yes” and “no,” and 
these words so used are, or are in effect, ur pt I shall ο. 
a case in which & patient can utter these two words, and’ yet cannot 
-use them, cannot reply with them ; he is then completely speechless. 
I have long ago put forward the opinion that the speéchless man is not ' 
wordless. There is-disease of but one half (eft) of -his brain, and 
I submit that there are nervous arrangements, the physical bases of 


i που, in the fellow, undamaged (right) half. Using'again the term: - 


‘‘verbalizing :’ to include all services of words, there are: at least two. 
ways in which words serve ; _ they serve not only in speaking, but in the 
reception of the speech of ‘others. In ‘a case of aphasia with word- 
deafness (a special imperception) thére is' a loss of receptivity of words, , 
but this is, I submit, because, speaking now of the physical, the nervous - 
arrangements for articulatory movements in the right half of the brain 
‘cannot be reached. I am süpposing a case. of “speechlessnegs without 
"that complication ; in this case the. patient understands whát we say to 
"him, on simple matters at’ any rate, he receives.our speech, has that 
services of words! Further, the | damage, to the left cerebral hemisphere 

-1 Of course, one does not take the expression «receiving apsooh of others " literally. We 
understand a speaker because he arouseg our words. When a man '' hearg.voices" (words as.” 
< it spoken to him) it is obvious that the words are his own words, although often no doubt : 
roused in him by auditory changes which, were he in good health, would only cause noises. 


a 
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WHEN anyone says that words are essential for thought, he may, 
I suppose, mean that words or some other symbols (or both words and 
other symbols) are so. Pantomimic actions, for example, are symbols 
‘analogous to words) and untramed deaf-mutes use these, not only for 
inter-communication, bub also in thought. There are in all men, I 
submit, actions not reaching the rank of what would commonly be 
called pantomime, which are symbols in mentation. In all cases it is 
meant that propositions of symbols (verbal or pantomimic) serve in 
mentation, evidently to speak is to propositionize. This being said, I 
may, without misleading, speak of symbols as 1f they were independent 
of one another. I use the term “action ” for the psychical “side” of 
what are physically movements.’ 

Since lower animals think, it may be asked, “ What are their 
symbols?" if symbols are necessary in mentation. They have no 
words, but I submit that they have other symbols—inferior symbols, 
symbols but little symbolic—which serve in ther lowly mentation. 
This matter I can only deal with after speaking of symbols in the case 
of man I begin with words. 

A word is a psychical thing, but of course there is a physical process 
correlative with it. I submit that this physical process is a discharge 
of cerebral nervous arrangements representing articulatory muscles in 
a particular movement, or, if there be several syllables, in a series 
of particular movements. 

Strictly, no doubt, the physical basis of a word, or rather syllable, 
is a sensori-motor, an audito-articulatory, nervous arrangement. But 
in speech, the objective part: of verbalizing, our maim concern is 
with the motor element of the physical basis of words. It is current 
doctrine that the part of the brain destroyed in cases of loss of speech 
(aphasia) is motor, and that ıb is a part of cortex cerebri (Broca’s region) 


! There are, I think, also arbitrary image symbols serving in mentation ; of this matter 
I shal speak later. 
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‘representative of movements of the tongue, palate, lips, &e. ` Artificially 


induced discharge of what in the monkey is homologous with Broca’s 
. region, produces movements. of the tongue, palaje, lips, &c., and so far 
. 88 wè can see, there are no other effects from that discharge. And I 
“suppose no oné doubts that very strong discharges of Broca’s region in 
man (such discharges, I mean, as occur in cases of “ cortical epilepsy ") - 
produce convulsion of me miseles of the same parts; this convulsion 
is ‘ nothing other than a “running up” of many ο. of the 
muscles of the parts mentioned into-a stiff ᾿ struggle, . Charlton 
Bastian, however, -thinks that the whole of the so- “called: pm region: 


(Rolandic area of the cortex cerebri) is not motor but kinesthetic. The . 
Ὃν opinions of this distinguished physician deserve most respectful consider-, 


ation: Possibly, nearly all I say about what I call the motor part of the. 


physical. basis of words, might be accounted for on Bastign's doctrine ' " 


of. kinæsthesis. I ο however, to speak of Broca’s- region as 


motor. 


lessness; give proof that thought is possible without words. We do'not 
often encounter a case of complete ο... tha A 
we call speechless can nearly always reply by " s" and ' "and 
these words so used are, or are in effect, opatan. I shall ; eappste, 
a case in which a patient can -utter these two words, and. yet cannot" 
use them, cannot reply with them ; he'is then completely speechless. 
' I have long ago, put forward the opinion that the speéchless man is not 


wordless. There -is:disease of but one half (left) of -his brain, and . 


I submit that there .are nervous arrangements, the physical bases of 
words, in the fellow, undamaged (nght) half. Using again the term’ 


* verbalizing ” to include all services of words, there are' st least two ' 
ways in which words serve; they serve not. only i in speaking, but in the , 


reception of the speech of others. In a case of aphasia with word- , 
deafness (& special imperception) there is a. loss of receptivity of words, 
but, this is, I submit, because, speaking now of the physical, the nervous. 
arrangements for articulatory movements in the right half of the br&in 
‘cannot be reached. I am supposing a case. of. ‘speechlessnegs without 
- thas complication ; in this case the patient-understands what we say to ` 
him, on simple’ matters at any rate, he receives our speech, has that 
services of words. Further, the damage, to the left cerebral hemisphere. 

1 Of course, one does not take the expression ‘tressivitig ‘speech of -others " literally. We 
understand & speaker because he arouses our words. When a man “hears voices,” (words as. 


if spoken to him) it is obvious that the words are his own wcrds, although often no doubt 
roused in him by auditory changes which; were he in. good health, would only cause noises. 


“It-has been said that cases of aphasia, let us suppose cases of eum: 
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1n a case of speechlessness, is, I consider, of a part of the middle motor 
centres of the cerebral sub-system, the highest motor centres of that 
sub-system (prefrontal lobes) being intact. I think, then, that cases of 
loss of speech do not give proof that thought 1s possible without words. 
As, however, I am not gware that anyone agrees with me in thinking 
that the right half of the brain is "educated in words," and as I fear 
I am alone in making the distinction into middle and highest (cerebral) 
motor centres, I have no right to claim acceptance of the opinion that 
such a case of aphasia as that selected does not give proof that thought 
is possible without words. In some cases of “complete aphasia” there 
is some power of pantomime, but I think there is less than in healthy 
men and that in some cases of aphasia it 18 very much impaired. 

Inow return to the dictum that the physical basis of a word is an 
&udito-articulatory nervous srrangement, and as I am here dealing with 
speech and not with other services of words, I consider only the motor 
part of that basis. 

' ‘When a man says aloud, “ Gold is yellow," or says that to himself, 
there is correlative with the psychical things (the words of this pro- 
position) discharge of cerebral nervous arrangements for four movements 
of his articulatory muscles. At the risk of too great iteration, I remark 
that it is not said that a word 15 an articulatory movement or discharge 
of cerebral nervous arrangements for one. The notion that move- 
ments or cerebral nervous arrangements for them serve in mentation is 
grotesque. The statement is that a word, a psychical thing, 1s com- 
comitant with a movement of the articulatory muscles—properly that it 
is concomitant with discharges of certain cerebral nervous arrangements 
representing one or more articulatory movements—and that words serve 
in mentation. I will remark in another way on this distinction. 

We must not say that speaking aloud is a physical process only, and 
that speaking to oneself is a psychical process only.» There is a double 
process in each. When speaking to oneself, there is a slight discharge 
of motor cerebral nervous arrangements representing movements of the 
articulatory muscles, with a correlative faint psychical state; in this case 
the discharge is so slight that lower centres are not engaged and no 
articulatory movements are produced. In speaking aloud there is 
a strong discharge of the same nervous arrangements with a correlative 
vivid psychical state—in this case the discharge is so strong that lower 
motor centres are engaged, and finally there are movements of the 
articulatory muscles in a particular sequence. In a severe case of bulbar 
paralysis the patient cannot articulate, but he can speak ' internally," 
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and can write out what he says “internally.” The cerebral motor 
. nervous arrangements of Broca’s region continue in the case of bulbar 
paralysis to represent articulatory movements, although the articulatory 
muscles and their immediate (medulla) centres have disappeared 
(atrophy) ; these cerebral motor nervous arrangements have, as they 
have in healthy men, a psychical “ side.” 

We must not say that, whilst speaking aloud (' external speech") 
is an objective process, speaking to oneself ("internal speech") is a 
subjective process; both are objective, there are two degrees of 
objectivization. And as to images which words symbolize, both idea- 
tion and perception are objective processes; they are different degrees 
of objectivization. 

To return to movements and to actions, the supposed psychical 
“sides” of movements. It may be said that in the case of other 
movements—I limit attention to those of conduct—there 15 no 
psychical “side " to energizing of the motor cerebral nervous arrange- 
ments representing them, that, for example, when a man moves his 
arm there is a physical process only. Yet 1: it be true that with 
discharges of cerebral nervous arrangements producing certain move- 
ments of the articulatory muscles there are concomitant psychical 
states, words, it would be remarkable if there were not also psychical 
states, actions, accompanying discharges of the cerebral motor nervous 
arrangements which produce other movements (of conduct). Disregard- 
ing this, I consider the matter anew. There is, I submit, proof that 
discharges of cerebral motor nervous arrangements for some movements 
other than those of the articulatory muscles, have a psychical '' side." 

When & man’s arm is cut off he has a spectral hand. In most cases 
he can “ move" his spectral hand, may try to pick up things with it, 
can put its fingers in positions he imitates for us with the intact fellow 
member. I submit that the movement as I called them of the spectral 
hand are really actions, that is that they are psychical states, con- 
comitant with activities of motor cerebral arrargements which continue 
ignorantly to represent movements of the lost hand, if I may use that 
expression. We cannot suppose that the man had not a spectral hand 


1 The amputated man is physically something in the same case as ig a man who has 
complete atrophy of all the muscles of his arm (Duchenne-Aran type of progressive muscular 
atrophy). I say something, because in the former case the anterior horns are intact, in the 
latter absent (wasted) And I should imagine that this would make a difference in the 
definiteness of spectral movements—expecting the movements, properly actions, of the 
spectral hand in the former case to be more definite than those 1n the latter. Ido not know 
that there 15 that difference in the two cases. I do not, indeed, know whether or not there are 
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before amputation of his arm, and that it appeared only after the opera- 
tion to remind him of his former entire condition. I submit that all 
entire men have not only movements of their hands, but also actions— 
psychical states—correlative with activities of the cerebral nervous 
arrangements effecting these movements. When a man’s arm is cut 
off, he finds this out.’ 

To repeat mutatis mutandis what was said on differences between 
speaking aloud and speaking to oneself. 

When I actually move my hand there is a vivid psychical state or 
action concomitant with strong activities of motor cerebral arrangements 
representing the movement; when I think of moving it there 1s a faint 
psychical state, or action, concomitant with slight activities of the same 
nervous arrangements. To take another case. When a deaf-mute is 
communicating with his fellows, there are strong discharges of cerebral 
motor nervous arrangements with accompanying vivid psychical states, 
actions; when he 1s thinking there are slight discharges of those 
nervous arrangements, and their accompanying psychical states, actions 
(so-called “ideas of movements "), are faint; in the former case there 


spectral movements in the case of progressive muscular atrophy I think it likely that there 
are, because words arise during activities of cerebral nervous arrangements representing absent 
muscles in the other case of progressive muscular atrophy, that called bulbar paralysis. 
It would be very difficult to make some patients understand what was meant by asking 
them uf they felt as 4f they could ** move ” a hand which is evidently useless for any degree of 
actual movement. The question is one of oxtreme importance 1n the anatomy and physiology 
of the nervous system as they correspond to psychology. The hypothesis 18 that degrees of 
definiteness of '' projection ’’ (seo p. 184) aro correlative with degrees of involvement of the 
motor centres of the cerebral sub-system, from the highest downwards ; in detail the suppost- 
tion is, to illustrate by movements of the arm that, on amputation of this limb, there is most 
definite '' projection ” ; that in cases of atrophy of anterior horns foi the arm, there is 
less definite ''projection," and that there is still less definite “ projection” in cases of 
destruction of the so-called arm-area of the Rolandic region of the cortex. This, as said, 
i$ hypothetical, ıt is only suggested as a method of investigation. ‘In some cases of 
impotence of limbs from other causes, there are spectial movements; the other day 
a hospital patent told to move her toes, tried and could not; she volunteered that she 
felt as if she did move them when she tried." 


! I donot mean that these actions, psychical things, are *'ideas of movements" ; we have, 
indeed, no ideas of any parts of our bodies. To take another kind of case: & colour 1s not an 
idea of activity of any sensory cerebral elements representing the retina; colour ıs a psychical 
thing, & sensation, concomitant with the physical thing, activity of certain cerebral sensory 
elements. Similarly, wo have no ideas either of muscular movements or of activities of 
cerebral motor nervous arrangements representing them, there are actions, things psychical, 
concomitant with energizing of those nervous arrangements. I cannot but think it important 
to bear this distinction in mind. Takmg another case, it would surely be erroneous to speak 
of subject-consciouaness (self-consciouaness or self) as being a consciousness of the whole 
organism or of the highest centres. No doubt, a very different thing, subject-conscious. 
ness is correlative with activities of nervous arrangements representing all parta of the 
body as one whole. 
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are actual’ movements of muscles, in the latter the discharges are too 
slight to, produce actual movements. Suppose thé deaf-mute were to ` 
lose*both arms, he would try to move.them, and would then, I suppose, 

, have for himself vivid spectral pantomime during energizing of cerebral 
nervous arrangements representing the absent muscles of. the limbs ; 
‘the pantomimic actions arising during shghter discharges of -those 
nervous arrangements, would serve in his mentation the same as when 
þe wás entire. l Ee 

T: ‘next state’ an hypothesis as to the evolution of pantomime, | 
beginning with the physical. : 

I suppose that movements during pantóminio , actions (I now limit 
attention to the-pantomime of ordinary men, and do not speak of that. of , 
. deaf-mutes) have arisen out of what I may call thé ordinary movements . 
- of conduct. To take a case. I suppose that beckoning: (the movement: 
‘uséd when signifying that someone is to approach) has arisen out of 
the ordinary movement, or, I will say, operaticn, of pulling somebody 
towards oneself, The operation of pulling was once done, and at 
length some small and modified part of it comes to stand for that 
operation, for that out of which it has arisen stands for the movement 
of pulling someone towards oneself. More. generally, some parts ‘of 
operations come to stand for whole operations. 

Of course, when dealing with the moyements just mentioned there 
is, as in other cases, tacit reference to cerebral motor nervous arrange- 
ments representing them. ‘As the movement of ‘beckoning arises: out 
of, and comes to stand for, the operation of pulling towards, there must 
be an evolution of new motor nervous arrangements out of those motor 
nervous arrangements, the activity of which produces the operation 
itself. | There is, in the cerebral area concerned, more, or less detachment 
and independence of the new’ nervous arrangements standing for the 
operation from those effecting the, operation itself. So far I have 
spoken of the physical. " . 

. It was contended that movements of conduct, for an example t the 
operation of pulling, have a psychical side, and, if so, then, part’ passu 
with the evolution of the movement standing for an operation there 
comes an attendant psychical state, 8 pantomimic action—a symbol— 
. is, the. psychical side of energizing of the new nervous arrangements 
which have been evolved out of those ορ πανε ‘the movement of 
what I called the” operation. 

' When these new nervous arrangements are ‘strongly ἀῑεζπησασὴ 
i there are actual movements, and there are concomitant vivid psychical 
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states, when they are slightly discharged there are concomitant faint 
psychical states and no actual movements.* 

When I arrange books on a table there are visual and tactual 
images, and there are actions. Physically there are imprints on the 
retin% and on finger-tips and there are movements of the arm 
(representing cerebral nervous arrangements understood). Now suppose 
I think of arranging the books. I have faint visual and tactual ideas, 
and there are faint actions, and physically there are slight central, 
cerebral discharges, the peripheral parts not being engaged. In this 
case the actions are scarcely symbolic, and yet probably to some extent 
so; so far, at least, as they are not mere repetitions of the former actions, 
but incomplete and modified reproductions of them. In rudimentary 
symbols of this class I consider some lower animals think—inm symbols 
the very low homologues of what in man are pantomime—i symbols 
but little symbolic. 

Of course, the separation between pantomimic actions and such 
actions spoken of in the illustration given (arranging books) 15 arbitrary ; 
very likely there are degrees from actions simply done over again, not 
really symbolic, through actions a little detached from those con- 
comitant with the ordinary movements (actions but little symbolic) to 
those actions so much detached as to be symbols having the rank of 
pantomime. 

' Tt sounds grotesque to say that manipulating and certain other gross 
operations, or rather the correlative actions, are reasoning, but I think 
there 15 reasoning in ita lowest form—or that there is at least that out 
of which what is called reasoning has been gradually evolved. To return 
to the former illustration. The action during actually arranging books 
is reasoning in its lowest form; the action when thinking of arranging 
them is a next higher grade; a purely symbolic arrangement of them 
in thought, by actions concomitant with activity of new nervous 


! If this hypothesis be valid, the genesis of words (strictly, of course, tho genesis of cerebral 
nervous arrangements which are the physical bases of words) 18 accounted for. The nervous 
arrangements of '' Broca’s region " represent movements of the muscles of the tongue, palate, 
and lips. This region represents also (Krause, Horsley, and Semon) movements of the larynx 
and of the pharynx. 1516 concerned with the ‘ commonplace” movements of eating, swallow- 
ing, &c. I suppose that the motor nervous arrangements of Broca’s region which are 
correlative with what are psychically words have arisen out of those for the ‘‘common- 
plece” movements of the tongue, palate, and lips, and have become greatly or completely 
detached from the latter, and then serve, not for their own ends, but stand for operations, 
They do not, however, stand for the operations out of which they have arisen, but they, 
the correlative actions, become more widely symbolic. If go, Broca's region in man differs 
from the homologous part of a dog in there being in it more specialized, new, nervous 
arrangements in addition to what we may call the ordinary or old ones. 
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arrangements representing, modified parts of the operations, is a sort 
of reasoning. Certainly when words come to.be symbols of the-actions’ 
(symbols of symbols) in the case supposed'thers is what is commonly 
called reasoning. 

Words in themselves have no meaning; they are but symbols; it 
would matter nothing whether a certain small quadruped were called 

cat” or “tac”; either would do as a, symbol for the image we have | 
when we think of a particular cat. Again, words only come to have 
speech value when they are in propositions ; to speak is to propositionize, 
it is not merely to utter words. (Similarly, mutatis mutandıs for 
pantomimic actions and pantomimic propositions.) Of course, a single 
word may be, in effect, a proposition, other words completing the pro- 
position being , internally revived. Passing over the obvious 
cases of “yes” and “no,” if a father calls to his son ' Here," there 18 
‘in effect the ο “Come here." Hence speaking is symbolizing 
a mental operation. ) | . 

1 4ο not mean that propositionizing occurs only when we speak 
to tell others what we think, but that it occurs when, sọ to Bay, we 
axe telling ourselves what we think. Whether “ gold is yellow ” is said 
aloud or whether it is thought that gold is yellow, there is proposi- 
tionizing, a relating of images to one another in a particular way. But. 
it may well be said that whilst we may declare that there are images — 
of this or that yellow object, there can be no image of yellow in, for 
example, the ‘proposition just instanced. We have seen-this or that 
yellow object, but no one has seen, and thus. can have no image of 
“ yellowness.” If so, it may appear that the word “yellow” in the 
proposition instanced has nothing to symbolize. 

I suggest that there is a class of symbols differing in nature from 
‘those of words and pentomimie actions, which aiso serve in ienten 
I used to call them “arbitrary perceptive signs,” but now “ arbitrary 
images.” I submit that when we think "gold is yellow” the mental 
process symbolized by the proposition is, or rather that the first stage 

of the process is, thinking that a gold thing is a yellow thing. 
I imagine that each person has for his fancied general notion of yellow- 
ness 8 ‘particular image of some particular yellow object; and that this 
image serves him when no ‘particular yellow object is referred to.. 


To say & word when told to do so is not really a speech prosess.. An aphasic may be able 
to reply “ πο” when he cannot say “no ? when told. (Strictly to ' say a word when told” 
is not a correct expression.) à 

?Birictly speaking, internally or externally, and symbolizing generally, ia a relating of 
images to one another, and is thus an wtegral part of mentation. 


1 
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Obviously, this is not all. This arbitrary image is associated with 
other, possibly with all other, images of yellow objects seen and 
remembered, and from their secondary excitation there is a fancied 
notion (or concept) of yellowness. The gold thing ıs grouped with 
yellow things (classified). The word “yellow” is a symbol of some 
particular ‘yellow image which is'itself symbolic in the sense stated. 
Of course, I do not mean that we thus get a notion of yellowness; there 
is no such thing to have a notion of. 

' I wil give another illustration. How, it may be asked, can the 
word “triangle "in a proposition develop in us the image of a triangle 
of whose particular shape nothing is affirmed, when actual triangles 
are dissimilar, equilateral, isosceles, and scalene? I feel that I myself 
have an image of a particular triangle, viz., an equilateral triangle, 
which, I suppose, serves in thought for the fancied general notion of 
triangle. Suppose the following proposition is 1n question: ‘‘ The three 
interior angles of a triangle are equal to two right angles." I cannot 
but think that everyone who heard and understood this statement 
would have an image of that kind of triangle, which had, in his 
experience, been most frequently associated with the word triangle, or 
of some triangular figure which had struck him. I call this an 
arbitrary image, because the image of any triangle would serve, and 
because the image serves intermediately as aforesaid. Suppose the 
above general statement is altered into the detailed one. “ This 1s 
true of the equilateral, the isosceles and the scalene triangle.” There 
would then be developed with each name an image of each kind of 
triangle, and I submit through intermediation of the arbitrary mage. 
(Of course, I do not mean that a man has but one arbitrary image for 
the fancied notion of yellow; there may be many, they may change; 
so for all cases.)- 


IDEATION AND PERCEPTION: THEIR RESEMBLANCES AND 
DIFFERENCES. 


I believe that ideation is commonly regarded as a subjective process ; 
of course perception is recognized as an objective process. I submit 
that both ideation and perception are objective, two degrees of objectivi- 
zation. The popular psychologist might aver that in perception there 
are real outer objects, things in themselves coloured, shaped, &c., things 
oxisting outside us and independently of us, and that in ideation there 
are ‘‘ only ideas of those real objects." To take a simple case. When 


» 
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we see, (perceive) what all agree to call a brick, there is not, as the 
popular psychologist supposes, a red-shaped thing outside us and existing 
so independently of us; the image, the red, square thing we then have, ' 
is part of our consciousness, is a ghost of ours. In ideation (thinking 
of the brick) there. is a fainter image than that had in. perception. In: 


' perception there is as much an “idea of a brick " as there 1s in ideation ;. 


properly the expression is that in .each there is an image, the name of 
which is the word “brick.” The idea is a faint psrcept, the percept is a 
vivid idea. The i image den in ideation is & faint copy of that m im 
perception. 
= lt is tiue that to the ‘philosopher as well as to tbe TUM thei 
seems to be in perception a red-shaped thing outside us; it is only a 
piece of knowledge tothe formér that there.is not, but ‘that there i8 ' 
simply a vivid.image in himself. The faint image in ideation seems 
also to be something outside. ' I do not mean that it seems to be some- 
thing present in front of us (it would in certain cases of brain disease 
even if we were blind). No one can think of what we call a brick except 
as something. not self; there is then a faint image which is part of a 
remembered or constructed environment, seems in that way something 
outside. 

In ideation the image is not only faint, bo is indefinitely " pro- 7 
jected ” ; in perception the image is not only vivid, but is definitely “ pro- 
jected.” Of course, I do not mean by using the term “ projected” that- 
the image, part of our consciousness, is, or is also, poiething outside 
us; the term is only a device for expressing the * seeming’ ' spoken ot; 
extrusion of the image is not meant. 

Perhaps, i in spite of what has been said, the. ui reader may, from, 
the^mere use of the word ' ' image". infer? that it is inconsistently held 
-that in perception there is a red-shaped thing outside'us which, so to say. 
photographs its redness, shape, &c., on us, and thts gives us its redness ' 
shape, &c., and thus makes our image. There is no such contradiction. 
Images and all other'states of object-consciousness come out of subject- 
consciousness, are not straightway. produced by agencies of “real” outer 
objects ΠΕ us. It is ποῖ meant that in ‘perception there is not some- ` 


1 There are degrees of seeming “exterioration " or “ projection "'of images (sea footnote 


i = to spectral movements, p. 178) ; the degree of definiteness of this seeming is, I think, propor- - 


tionate'to the extent downwards of the ae “beginning in cerebral motor nervous . 
arrangements. (No explanation i is intended here.). . 


? He might infer this because in the article breca this < ‘appendix I use the expression 
“ iniprints on the retine.” -I would be peđartic to.do otherwise în a passing illustration. 
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thing outside us, but that we have no knowledge of what that something 
is, except a belief in its existence. The first thing in that process the 
end of which 18 perception, is the action of this assumed external some- 
thing, x, on us; in perception an image, a, is forced owt of ws, out of 
subject-consciousness; there is a revealing of self, consequent on the 
action of x. And of course, although one uses the expression “the 
image" this or that person's image is meant, what the external some- 
thing can arouse in this or that person. In ideation there is a faint 
revival of the image had ın perception, best considered when dealing with 
the correlative physical processes of the two degrees of objectivization. 

The cerebral centres for ideation and perception are one and the 
same; during ideation there are only central (cerebral) activities, and 
these are slight; during perception the activities are periphero-cerebral 
and centro-peripheral, and are strong. In ideation there is a slight 
discharge of the same cerebral nervous arrangements which were 
strongly discharged during perception; correlative with this slight 
discharge 1s the faint image, the copy (not of a “ real” outer object), 
a faint revival of the image had in perception. Ideation always precedes 
perception; perception does not always follow ideation. 

We have spoken of two differences between ideation and perception: 
(1) Faintness and vividness of images; (2) indefinite and definite “ pro- 
jection” of these images. There is another difference, (8) in ideation 
the faint image 18 associated with numerous formerly acquired faint 
images; in perception the vivid image 1s associated with fewer formerly 
acquired faint images and is associated with vivid images now experi- 
enced. Ideation and perception are objective processes differing in 
triply compound degree. 

There ıs, I hope, no implication in the foregoing that “the mind 
combines or associates, &c.," images or any mental states; they come 
out of subject consciousness in this or that association, in this or that 
combination. gel 

I hold that the images (illusions) in cases of insanity are objective. 
An insane man’s “illusions” are his perceptions; his “delusions ” are 
his beliefs; most generally his symptoms are, or are samples of, his 
mentation which is the lower homologue of his mentation when sane. 
Whether a sane person sees a man in the corner of his room, or dreams 
that a man is in that corner, his mental state is objective. Were he to 
become insane—I will, however, take a real case: A girl under my care 
for intracranial tumour, became quite blind (quite deaf too), and later 
insane. One of her illusions (or perhaps I should here say hallucinations) 
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I.—IwTRODUCTORY. 


‘PROMINENT in the volume of Brain for 1888 is a discussion on 
Muscular Hypertonicity. At the opening of that discussion Hughes 


᾿ Bennett furnished a definition of “ reflex muscular tonicity ” as “that 


slight constant tension which is characteristic of healthy muscle.” Thus 
simply expressed that is, I think, the current conception which still 
generally prevails. Simple though it is, it is one which & teacher of 
physiology finds difficulty in illustrating to students, and the statement 


remains vague to them. The almost complete absence of numerical, 
measures of tonus, the lack of assignment to it of any clearly purposeful 


rôle; the want of demonstration of it in the various laboratory exercises 
on muscle—almost always excised frog’s muscle—imbue the phenomenon 
with a certain mystery unwelcome to those desirous of clear facts for 


direct use in future practice. To tell the inquirer that tonus serves to 


obviate the muscle's' "taking up slack" when it enters on the per- 
formance of &' movement, seems rather, thin-spun when the class- 
room exercise has measured the latency of toneless frog muscle as 
one-hundredth of a second. The farther suggestion that the katabolism 
accompanying the tonus makes i an important means of heat-produc- 
tion-—the so-called chemical or thermal tonus-——suggests that the contrac- 
tion tonus is mere by-play in the thermotaxis of the organism; and 
the explanation comes all the more 86 & surprise since the chemical 
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turn-over sdjunot to the mechanical tonus has been shown i 
years to be very small. 

Renewed inquiry on a larger basis is now lending more pre 
the phenomenon’ of tonus. But, as is natural in a phase of δι 
some confusion obtains. That this is so a quotation may, show 
ing ‘recently, Matula [21] says: “u By reflex tonus is understoo 


paper that persistent weak activity of the musculature which : 


by the stimuli continually réaching the body; that is, 'ionus' i 
geest's old sense. I find it necessary to state this although 


"obvious, for the word ‘tonus’ is certainly one of the most 


terms in physiology. Under it each writer understands s 
different, if indeed ‘he is in a position to supply any sharp : 
at all-of the conception.” 

The confusion seems partly traceable i2 want of touch 
inquirers engaged upon the phenomenon in fields of observat 
ingly rather wide apart. The publications of zdologists and 
do not commonly meet quickly. An aim of the present article 
to correlate & number of such observations and Septsvey io pi 
together. 

A fairly litera! meaning attaching to iis term “ tonus” ig í 
* mechanical tension.” In this-sense it fits well the slight stes 
ing tension so characteristic of muscles in their state of reflex 


` This meaning of the term is’ evident in the definition quc 


Hughes Bennett. Butin its-early use, by J. Müller and write 
period; the term carried ο or soon came to y the-impli 
* automatism.” 

One, meets the teri in Humboldt’ s. [15] ^! Researches ο 
and Nerve" of 1797 ; there it is applied to nerve, and though 
occasionally, evidently refers to some then current view which ] 
an intrinsic activity of thé nerves and nervous system general 
meaning outlived considerably the, discovery that the tonus 
Müller [27] spoke was reflex and not the outcome of auton 
nerve-centres. The connotation of the term has drifted x 
‘directions from the literal meaning of mechanical tension. It 
to the activity of nerve-centres, thus: “tonic nerve-centres, 
discharge of nerve-cells” and the “ bio-tonus” of living me 
these departures there is always more or less prevalent the sig 
“lasting " and “enduring” muscular or nervous action as c 


. with evanescent or passing. To-day we commonly:speak of t 
of a müscle or nerve as tonic when we wish to indicate that i 
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tively long-lasting. The term has become somewhat vague by reason 
of the multiplicity of meanings attached to it. But one service expected 
of a technical term is that it'should be precise and unequivocal. 

And the conception itself, as well as the term, labours in one 
important respect under vagueness. Physiology pursues analysis of 
ihe reactions of the body considered as physical and chemical events: 
but, further, it aims at giving reasoned accounts of the acts of an 
organism in respect of their purpose and use to the organism qua 
organism. This may be called a teleological aim, yet belongs to a 
teleology not foreign to the scope of natural science. In animal 
behaviour the more complex the act the less equivocal usually its 
biological meaning. The physiologist in analysing animal reactions 
seeks, as a rule, components more elementary than those toward which 
the “behaviourist” directs his work. Thus, the “behaviourist” examines 
a train of acts characterizing some instinct; he seeks to describe the 
sequence of events from their outset in initiatory stimuli onward to 
movements and turning-points of movements often each one of high 
complexity and intricate co-ordination, and yet each one sufficiently 
unitary to serve for his present purpose as one separable piece of the 
train of behaviour he is fractionating. The physiologist aims at yet 
simpler units, for instance at the characteristics of a synaptic function, 
or the dissociation of the periodicity of a nerve-centre’s activity from 
that of a muscle’s activity. He takes for his problem reflexes usually 
much simpler than those studied by the “ behaviourist.” He may choose 
some reaction which itself is but a partial factor in a single act a whole 
train of which form the subject-matter of the '' behaviourist.” Yet every 
reflex is in its own measure an integral reaction, and is purposive in 
that it bears some biological purport for its organism. Every reflex 
can, therefore, be regarded from the point of view of what may be 
called its aim." To glimpse at the aim of a reflex is to gain hints for 
further experimentation on it. Such a clue to purpose is often difficult 
to get; and attribution of a wrong meaning may be worse than absence 
of all clue. But the difficulty is generally inversely as the complexity 
' of the reflex. Thus the larger the muscular field involved in the reflex 
effect the plainer usually its purpose. A slight movement confined to a 
single limb or, in appearance, to a single muscle, a transient rise of 
arterial pressure ; these observed alone lie open to many interpretations 
and admit of no security of inference. They are fractional reactions 
which may belong to any of many general reactions of varied aim. 
Thus reflexes observed in paraplegic man have been notoriously difficult 
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to refer to’ their functional purpose. On the cther hand, in lower 
animals where depression of spinal function and spinal shock are legs; 
the ampler reflex actions, embracing -by irradiation wider groups of ' 
associated muscles, often write their own meaning clear, and can indeed 
give a clue to the meaning of the ME reactions less obviously 
decipherable in man. 

When the spinal dog in response to dn ματς stimulus of the 
scapular skin brings the hind foot to the irritated point and scratches 
there, the purpose of the reaction is clear. And a reflex of simple kind 
may have as much purposive completeness as a complex one. Thus, 
the reflex emptying ‘a viscus, though it involves but a restricted field. of 
musculature, may be as complete for its purpose as is such a reflex 
as walking, which ‘involves skeletal musculature practically throughout 
the body. 

Farther, ‘among data helpful, for assigning its purpose to a reflex 
is the fashion -of its elicitation, the nature of the adequate stimulus. 
That a faradic stimulus applied to the back of the tongue in ‘a 
decerebrate cat interrupts the rhythm of the respiratory moveinents, | 
is ‘an observation which may leave us in doukt as to the biological . 
meaning of. the result. But the same result, when caused by putting 
a few drops of water on the back of the tongue, suggests an obvious 
“ purpose," and the ο μας is clinched a the reflex swallow 
which ensues. 

As to muscular tonus much of it is | reflex. To know the biological 
purpose of such a reflex reaction is to have suggestions for lines along 
which to investigate it. The question arises, does muscular tonus 
carry the same biological meaning in all its’ examples; or does it in 
' some cases meet one purpose, in other cases meet another? The 
decipherment of what biological meanings its various instances possess ' 
should help toward- obtaining a broader standpoint for evaluating the 
whole phenomenon itself. A step toward this is to consider manifesta- 
tions of it in particular cases. In the first: place a field of musculature 
may be taken which.is skeletal, because although complex its very 
specialization reveals the more ‘clearly the particular purpose it effects. 


TT.—SKELETAL MUSCLE. 


By Johannes Miller the term "tonus" was employed to denote 8 
certain steady slight ‘contractile’ tension which he regarded as the 
characteristic condition of normal skeletal musela, when not: ‘engaged 
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in the performance of any specific act. He thought this slight steady 
tension the outcome of an influence continually imparted from the 
nerve-centres of cord or brain. Whether this action of the nerve-centres 
was of automatic or reflex production he left open. Marshall Hall [14] 
considered the spinal influence maintaining the steady closure of 
openings by sphincters to be a reflex tonus, though, it is true, he 
gave no further account of its source or of the stimulus exciting it. 

The early experiments directed toward demonstrating the state of 
tonus of skeletal muscle met with divergent results. Their plan of 
observation was to look for a slight elongation of the muscle (frog) after 
severance of the muscle’s nerve. Heidenhain, Auerbach, Schwalbe and 
Pflüger were among those who failed to get clear evidence of any such 
lengthening. In the fifties of the last century the existence of “ tonus " 
of skeletal muscle seems to have become doubted by many physiologists. 
But in 1860 it was reaffirmed by the observations of Brondgeest [7], of 
Utrecht.  Brondgeest showed that in the frog if the afferent spinal 
roots of one hind limb be severed, the corresponding limb when the 
frog is held vertical is less flexed than is the fellow sound limb. He 
argued that the greater flexion of the sound limb is due to a reflex 
tonus of its muscles. The observation was soon recognized as trust- 
worthy. The failure of previous observers to find any definite 
elongation of the skeletal muscle on nerve severance remained, how- 
ever, unaccounted for. Twenty years later a critical summary of the 
position by Eckhard [11] concluded that “tonus” of skeletal muscle 
had been demonstrated for but few muscles, and was far from having 
been shown present in all muscles and-at all times. As to the source 
of reflex tonus in those muscles in which it was present Eckhard 
inclined to accept the suggestion that the source is cutaneous, the skin 
at one point or another being continually open to numbers of stimuli, 
which, although not individually sufficient to cause reflex movement, 
yet by their summation keep up a more or less continuous additive mild 
reflex effect. And the skin as a source of the reflex tonus of skeletal 
muscle is still apparently occasionally accepted." But Mommsen [24], 
in 1885, pointed out that the Brondgeest phenomenon persists after the 
limb has been stripped of its skin. 

The tonus of skeletal muscle can be studied favourably in the 
mammalian preparation. Removal of the brain from the posterior 
colliculi forwards in the cat provides an excellent tonic preparation of 


' W. Frohlich, Zeitschr. f. Alig. Biologie, 1911, 1x, 1, 68. 
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the extensor muscle of the knee. This tonus is still retained by the , 


muscle to the full after severance of all the skin nerves of both hind . 


limbs.. Further, the muscle still retains its full tonus after séverance 
of all nerves of both limbs excepting only the nerve of the tonic muséle 
. itself. That nerve consists, of course, of fibres afferent as well as 
efferent. The afferent fibres are traceable partly from the muscle’s 

tendon, but mainly. from the muscle itself. "These afferent fibres reach 
the spinal cord via the dorsal (posterior) roots of two spinal nerves (the 
fifth and sixth lumbar in the cat). If these two afferent dorsal roots are 
severed, the tonus at once vanishes from the muscle, although the 
corresponding veritral ‘roots containing the motor fibres for the muscle 
remain intact, and although all the other nerves of the limbs remain 
intact as well. And similar experiments with other muscles exhibiting 
tonus, e.g., gastrocnemius, semimembrancsus, triceps, supraspinatus, 

meet -the same result. In each case the tonus of these muscles 
requires: the afferent fibres of. the tonic muscle itself, and in the 
decerebrate cat preparation no’ other’ afferent fibres than those of | 
` the tonic muscle itself are actualy essential ‘for the exhibition of i 
the tonus. : 

The tonus of these muscles in this: ΡῈ ΜΤΝΗ ο τας is not a 
phenomenon requiring for its detection and demonstration any refined 
apparatus, or indeed any apparatus at all. It and its features -are 
palpable and obvious; graphic records of it-are obtainable by relatively 
: cogrse.methods. The extensor muscle of the knee, vasto-crureus, lends 
itself well to the purpose. That and the three other muscles mentioned 
above are specimens of the tonic muscles in this preparation. But 
many other muscles in this preparation show the tonicity as wéll, 
In the hind limb. the distribution of the tonicity in the musculature 
shows the following feature. If the reflex aet of stepping is examined 
‘ag it may be both in the spinal'and in the decerebrate preparation. (cat), 
the ‘act is found to consist of two phases; in one phase—the flexion 
phase—the foot is lifted slightly from the ground, and the limb is swept 
forward by flexion of hip, accompanied by. flexion at knee and ankle, 
so that, the foot may clear the ground in its advance. In this phase 
all the flexor muscles of the limb are excited to contract, and all its 
extensor muscles are inhibited by reflex inhibition. The other phase— 
the extension phase—is that in which the foot being in contact with 
the ground, the limb is straightened at knee and ankle, and kept from 
bending under the body’s weight by the extensors of those joints: and 
‘at the hip, the extensors using the foot’s point .d’apput against the 
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ground as a fulcrum for the leverage by the limb, push the body 
forward. In this phase all the extensors of the limb are in active 
contraction, and the flexors are reflexly inhibited. The distribution of 
the reflex tonus of the decerebrate preparation in the musculature of 
the limb is exactly to those muscles which are in active contraction in 
the extensor phase of the step, to those and to no others. 

In the forelimb, though this analysis of the exact distribution m 
the musculature of the extensor phase of the step has not been so 
completely made, the analysis, so far as it goes, shows again exact 
correspondence between the musculature exhibiting the tonus and those 
engaged in contracting in the extensor phase of the step. The two 
phenomena involve, and are confined to the same group of muscles. 
It is in the extensor phase of the step that the limb is supporting the 
weight of the body. 

The distribution of the tonus in the limb musculature reveals, 
therefore, arrangement on a plan of strict co-ordination. It is, how- 
ever, not confined to the musculature of the limbs. It is as markedly 
present in various other regions. In the trunk it obtains in the 
muscles which bend the vertebral column upwards (opisthotonos) ; in 
the neck in those muscles which lift (retract) the neck and head; in 
the caudal region in those which lift the tail; in the head in those 
which close the jaw. It is not present in those muscles which bend 
the spine downwards, droop the neck and tail, flex the head, depress 
the jaw. It seems to be present, but of this I am not entirely sure, in 
the ventral muscles of the abdominal wall. Evidently, therefore, the 
distribution of this reflex tonicity embraces just those,muscles whose 
contraction tends in the erect position of the animal to counteract the 
effect of gravity on the various several regions, the muscles which 
prevent those parts, and the animal as & whole, from sinking to the 
ground, And from the muscles antagonistic to these the reflex tonicity 
is absent. In other words, the reflex tonus obtains in, and is confined 
to, those muscles which maintain the animal in an erect attitude. 
That this is so may be demonstrated by setting the decerebrate prepara- 
tion on its feet; it is then seen that the preparation stands. Thus 
this reflex tonicity, which when seen in a single isolated muscle 
prepared for the myograph, does not carry on the face of it any very 
obvious biological purpose, does carry a clear and unmistakeable 
biological purpose when the phenomenon is followed in the musculature 
as a whole. The reflex tonus is postural contraction. Decerebrate 
rigidity is simply reflex standing. The reflex tonicity of the skeletal 
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muscles of the decerebrate cat and dog is shown by its co-ordination; 
its effects, and its distribution in the musculature, to be a reflex 
. which differs from 'the reflexes more commonly studied mainly in this, 
that the latter execute movements while this maintains posture. TThe 
reflex tonus is in short reflex posture, and in this c&se the posture 
maintained is that of standing. And the reflex posture is modifiable 
on the supervention of certain additional stimuli, and, the modifications 
of posture thus obtained are so intelligible as forms of standing adapted 
to particular purposes that they carry on the face of them that signifi- 
cance. If the head of the reflexly standing decerebrate preparation 
be forcibly flexed, the postural contraction of the extensor muscles of 
the fore limbs is inhibited, and' the animal’s fore quarters sink, while at 
the same time the postural contraction of the extensors of the hind 
limbs increases, raising the hind quarters. The preparation thus, 
assumes the attitude of a cat looking under a shelf. On the ‘contrary,’ 
if the head of the preparation is passively tilted up and back the 
postural contraction of the extensor muscles, of the fore limbs i increases, - 
raising: the fore quarters, and at the same, time the postural contraction 
of, the extensors. of the hind limbs is diminished so that the hind 
quarters sink. ‘he preparation thus assumes the. posture of a cat 
-looking up to. shelf. There goes further with each main posture of 
the head’ even passively imposed upon the dederebrate preparation a 
corresponding reflex modification of ‘the reflex posture of the limbs. 
Magnus and de Kleijn [20], to whom is owing, the, elucidation of this 
subject, have described these fully, and, shown, their constancy, and 
shown further that the centripetal impulses causing these reflex | 
modifications ‘of the reflex standing are traceable for their one part : 
he otic labyrinth, for their other part’ to the deep afferent nerves 
BET of the neck itself. , These experimenters have 
succeeded in separating the reflex resulta from the two sources, and 

. have thus determined what part each source ‘plays in, the combined 
effects. which under natural conditions are those of usual occurrence. 
; As mentioned above, the afferent nerves producing and maintaining 
this postural reflex of standing are the afferent nerves of the posturally 
contracting muscles themselves. The whole reflex posture of standing 
is thus one great, compound reflex built up of & number of component 
reflexes. .To the making of the total reflex posture there goes the 
postural reflex of each limb, similarly the postural reflex of the: neck, : 
of the trunk, of the tail, of the head. And: the! reflex posture of ‘each 

- component region is in large measure separable from that of the rest,’ 
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and is capable, within limits, of modification, although remaining still 
contributory to the general posture of standing. This is in accord with: 
the natural occurrence of, for instance, such a modification of the erect 
posture as "sitting" in the cat or rabbit; a posture half-way between 
lying down and standing, the fore limbs “standing” and the hind 
limbs lying down. 

And the local reflex posture, say of a limb, can be modified by local 
influences. It is in the examination of these that we meet with 
exemplification of characteristics of postural contraction to which 
attention will be drawn in dealing with the postural contraction of 
muscular walls of the hollow viscera and blood-vessels. In the pos- 
turally acting skeletal muscles these characters appear as what have 
been termed [86] the “lengthening” and “shortening reactions.” 
The “lengthening reaction" and the “shortening reaction" are given 
by the skeletal muscles of the cat in postural contraction and they are 
given also by the smooth muscle of the viscera, and of invertebrata. 
Just as the postural configuration of the knee or elbow is adjustable 
by these means so likewise is that of the bladder or the stomach. 

The “lengthening reaction" of a skeletal muscle engaged in 
postural action is easily seen in the knee-extensor of the decerebrate 
preparation and can be suitably examined there. The muscle 18 
isolated by paralysing, by appropriate nerve-section, all the other 
muscles of both hind limbs. As mentioned above, the muscle (vasto- 
crureus) when this has been done still maintains its own postural reflex 
action unabated. For the purposes of the observation the preparation 
is preferably placed on its side, on the left side if the vasto-crureus 
chosen be the right. The muscle still retains uninjured its attachment 
to the patella and, by patellar tendon, to the tibia. Starting with a 
knee-posture of nearly full extension the tension of the muscle as it 
holds the knee in this posture is examined by finding what weight 
pulling the tibia backward—i.e., tending to flex the knee—the postural 
action of the muscle just counteracts. The observer then with his 
hand forcibly bends the knee, overcoming the ‘contraction of the 
extensor; he brings it into a new position, let us say, of nearly full 
flexion, performing the movement steadily and not too quickly—e.g., so 
that it occupies a couple of seconds. On then releasing the knee there 
is usually a slight brief partial movement of it in the direction of return 
toward extension, but apart from this, which does not alway occur, the 
limb remains in the new the position which was passively 
imposed upon it. The t nf the extensor muscle as examined 
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by the weight, is in the new posture practically just what it was pe. 
neither more tension nor less tension than before. But in the new 
position the length of the muscle is of course greater than it was in the 
former. In short, the posturally acting muscle.has, in result of the ex- 
tension imposed upon it, assumed a new postural length, and has assumed 
a greater postural length without exhibiting in its new state of greater 
elongation any practical départure.frorn its previous degree of tension. 

. Inthe same preparation, conversely the shortening reaction may be 
elicited. For this, starting with nearly full flexion as'the reflex posture 
of the knee, such a flexed posture for instance-as is left at the end of 
a “ lengthening reaction” like that just described, the tension of the 
muscle is estimated by the amount of load-traction it counterbalances 
on the tibia. The observer then passively extends the knee so as to 
_ bring it to, for instance, nearly full extension. On then releasing the 
. limb it is found, although the weight is still exerting practically the 
‘same pull toward flexion as before, to remain in the new posture of 
extension ‘passively imposed upon it. The posturally acting muscle has 
taken up a new postural length, and is now shorter than before, but 
exhibits practically the same tension as at its previous length. On 
examining the tension by the weight it just counteracts, there is found 
to be practically no alteration of the tension.’ The skeletal musculature 
‘by reason of these lengthening and shortening reactions allows that 
latitude of pose. which is so useful and familiar a feature in natural 
attitudes. The animal may stand with right foot in advance of left, or 
left iù advance of right, or with the two feét abreast of each other; all 
these differences in detail from local posture tc local posture are com- 
patible with the general posture of standing in the animal as a whole. 
The postural reflex’ contraction is plastic in this.sense, hence the term 
plastic tonus [86] has been applied to it. The skeletal muscle in this 
form of reflex contraction can quite readily adjust itself to different 
lengths while counteracting one and the same load. . ` 
' In the above examples of the lengthening end shortening reactions 
of skeletal muscle, the alterations in posture, to which the limb was 
subjected in showing its power of, adjustment, were alterations imposed 
by passive movement. "The observer moved the limb into the new 
attitude which the reflex postural contraction then took up and lightly 
‘fixed... But the reflex adaptation to the new posture occurs just as well, 
. or better, when the changed position. of the joint is brought about by 
active reflex movement excited, f e, by faradizing an afferent 
nerve-trunk. Thus in the post reparation when- a reflex 
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extension movement of the knee has been provoked, the shortening 
reaction appends itself to the reflex contraction, and on discontinuing 
the stimulus which caused the extension movement the extensor muscle 
still remains shortened, and the knee still continues in the extended 
position. This lends to reflexes of the decerebrate preparation a character 
recalling some features of catalepsy. The limb brought by active or 
passive movement into a new posture when released remains in that 
new posture. 

Again, the animal being on its side and the postural contraction of 
vasto-crureus Just counteracting a certain weight tending to flex the 
knee by a cord running over 8 pulley and attached to the tibia, let an 
afferent nerve, appropriate for reflexly inhibiting the postural contrac- 
tion of the muscle, be stimulated with a series of mild break shocks at 
equable intervals. Let the intensity of the stimulation chosen be such 
that each shock catses a minimal brief inhibitory lengthening of the 
posturally contracted muscle. The muscle elongates in a gradual 
minutely step-like manner. Throughout the steps of the léngthening 
process, and at the end of that process, when the electrical stimulation 
is withdrawn and a considerable total lengthening of the muscle has 
taken place, the postural contraction still just counteracts the same 
weight as it had just counteracted initially at the ouXset of the observa- 
tion. The “lengthening reaction" obtains, therefore, with reflex 
inhibitory lengthening of the muscle as well ag under forcible passiv 
lengthening of the muscle. 

That the tension of the postura 
approximately unaltered over a lar 
muscle in different postures of the 
by such experiments as the follo 
side and the vasto-crureus the 
section, its postural contraction 
the tibia, 11 cm. from the kne 
angle of 110°, and wh 
co just cou 
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load in the different attitudes of knee. The hardness of the muscle 
as actually measured was practically the same in all the varied lengths 
of muscle under the different poses of the joint. 

The observations on the tonus of skeletal muscle in the mammal, 
therefore, go to show that the phenomenon is 1n skeletal muscle nothing 
more nor less than postural contraction. Why did the search for tonus 
in the skeletal muscles of the frog meet with such discrepant results 
and equivocal interpretation? In that search it seems to have been 
regarded as unimportant what particular muscle was selected for the 
search, the supposition being implicit that tonus would attach either 
to all muscles or to none. But if we regard tonus as a contraction of 
muscles engaged in the execution of a definite co-ordinate reflex, a reflex 
differing from reflexes ordinarily examined only in its function being 
posture and not movement, we shall expect reciprocal innervation of 
antagonistic muscles to obtain, and in that case if one set of muscles 
are in reflex contraction their opponents will not be in contraction but 
under reflex inhibition. That in postural reflexes reciprocal innerva- 
tion of antagonists does hold has been found in fact to be the case. 
Thus in reflex standing the opponents of the posturally contracting 
anti-gravity mugcles, the flexors as they may in brief be termed, exhibit 
no postural contkaction, and the stronger the reflex posture the less 
trace of contraction\may these latter be expected to show. It is note- 
worthy that in Brondyeest’s [7] experiment demonstrating reflex tonus 
ind limbs of thie frog, the muscles which exhibit the tonus are 

soversa of what obtains in the decerebrate cat, dog, 
al posture of the frog is squatting, 
head is somewhat hited, the fore 
ight of the forepart of the animal, 
ly full flexion, doubtless in appro- 
spinal frog retains as its reflex 
was long ago noted by Volkmann 
art of the spinal cord in 
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specially studied by v. Uexküll [89] and J. Parnas [80], the movement 


muscle executes also the rhythmic adduction of the shell-valves in . 


swimming. Pecten being a monomyarian has in appearance only 
a single adductor. muscle; but ‘examination shows.this to. consist of 
- two parts, one the glassy “movement. muscle” the other the -semi- 
opaque “postural muscle." How completely the closed posture of the 
shell depends upon the latter-is demonstrated by severing the visceral 


nerves supplying. the postural muscle. The “movement” adductor 


muscle remains still unparalysed. The shell then stands open, and to ` 
various stimuli, which normally cause the shell to shut and remain shut, - 


the shell responds more readily than usual by closure, but the closed 
posture is not maintained, and the shell gapes again at once. 

With the intact Pecten, if a penholder, put between the open lips 
of the shell, totiches the parts within, the shell- valves close upon the 
intruder and hold it tight. The wooden holder is so tightly gripped 
that it can be extracted only with difficulty, but that done the shell- 


D 


valves remain at the same degree ‘of partial closure, they do not close ' 


further. Yet any attempt to pull; them farther apart reveals that to 
that they. oppose a very great resistance.- The movement of adduction 
was executed by the contraction of the “ movement adductors’’: their 


short-lasting contraction then ceased, but the degree of adduction: of the: 


shell-valves thus arrived at is then maintained as a posture by the 


postural contraction of the postural muscle. The speed with which , 


the postural muscle can by contraction shorten its length is relatively 
slow as compared with that of ihe movement muscle. But the postural 


muscle exhibits the phenomenon already adverted to in the extensor : 


Hisce of the limbs and neck in postural contraction, namely, the 

“shortening reaction," seen also in sipunculus and in the contractile 
skin of holothuria. If the shell- valves of Pecten be passively partly 
closed or fully closed they rem&in so. Their postural adductor takes 
up and retains the closed shell posture passively imposed upon it. It 
does so also when the shell is actively adducted by the movement 


adductor, V. Uexküll discovered a means of exciting a reflex opening 


of the shell. Experimenting upon this, he found that lengthening of 
the check-adductor in its postural action can be brought about reflexly. 

"The mechanical elasticity of the postural adductor is very small. 
Suppose a partially open Pecten after severance of the movement 
adductor and loaded with a weight so attdched as to tend to pull it open 


farther, though failing to do: so. On cutting the string attaching the , 


weight, the shells do not perceptibly spring nearer together. Nor is 
: ; : 


i 
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there any proportion between the power to -^ove the weight and the 
power to support the weight. The postr” “ductor can support for 
hours a weight it cannot raise. A weakly ι which in the aquarium 
does not and cannot close its shell is, shells be closed by the 
observer and kept in the closed posture for a few minutes, found able 
then to keep the shells in that closed posture against the pull of the 
elastic opening ligament. 

The existence in various invertebrata of muscles separately differ- 
entiated for execution of movements and for maintenance of posture 
respectively seems without parallel in the skeletal musculature of 
vertebrates. In the latter, one and the same muscle is used for the two 
purposes, though some muscles are predominantly concerned with the 
one, some with the other function. Perhaps the nearest approach to 
muscles of purely postural function in mammals are the sphincter 
muscles controlling orifices. But in most of the more complex reflex 
acts the reflex while employing some muscles for execution of movement 
simultaneously employ others for maintaining posture. Thus, in the 
scratch reflex while one hind limb is engaged in the rhythmic scratching 
movement, the reflex employs the muscles of the other three limbs and 
of the neck and head for the maintenance of a characteristic posture 
which continues so long as the reflex scratching continues. Similarly, 
in a powerful nociceptive flexion reflex, while the stimulated limb 
maintains the attitude of flexion the other limbs frequently perform 
stepping movements, just as in the intact animal that has stepped on 
a thorn the injured foot is held folded up and the other legs run away. 
And with these skeletal muscles one and the same muscle may at the 
same time exhibit both postural contraction and phasic or movement 
contractions. Thus, in the scratch reflex, there is required in order 
that the hind limb reach the neck and apply there its scratching move- 
ment a certain posturing of the limb as well as rhythmic movement 
of it. For this there is demanded some postural flexion of the hip. 
It is found that the sartorius muscle, which 1s a flexor of hip and knee, 
shows in this case a well-marked degree of steady postural contraction 
as well as, over and above that, the characteristic four per second 
rhythmic contraction of the scratching movement itself. 

A question which arises is whether in all cases the reflex postural 
action of skeletal muscle depends normally upon the afferent nerve of 
the posturing muscle itself. In the reflex posture of standing exhibited 
by the decerebrate cat that does largely seem to be the case. Severance 
of the afferent spinal roots of both hind limbs in the dog (Bickel [2]), 
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renders standing with those limbs impossible for a considerable period ; 
but in the course of time the animal becomes able to support itself upon `- 
them, a compensation traceable to labyrinths, cerebellum and motor 
region of cerebral.cortex. In the pigeon, severance of the afferent roots: 
of both hind limbs makes standing impossible (Trendelenburg). Sever- 
ance of the afferent roots of one leg impairs also the flexion posture 
assumed by the hind limb during flight. Section of the afferent roots 
of the wing affects little, if at all, the folded posture maintained by the 
wing when not in flight—e.g., during standing or walking. Nor has 
the source of the postural contraction of the flexors of the wing been 
found. Here, as in the case of the iris, the postural contraction if, 
as is presumable, reflex, lies in teceptors not those of the contracting 
muscles themselves, is, in short, allogenous not autogenous. 

That receptors other than those of the contracting muscles them- 
selves can be adjuvant to the reflex postural action maintained by these 
latter is evidenced in many observations. ‘For instance, Ewald [12] 
has shown that the postural closure of the pigeon's beak is impaired ‘by 
destruction of the labyrinth; and after splitting the lower bill into its 
two lateral halves ‘he found that destruction of the right labyrinth. 
weakened the postural contraction of the right half much more than 
that of the left: the movement of closure was often fully executed, but 
with the right half the closed posture was less powerfully maintained ; 
.this was clearly demonstrable by hanging upon each of the separate 
halves one of a pair of equal weights—the right half did not maintain 
the closed posture under so heavy a load as did the left: an obseryabion 
recalling those above mentioned on the pecten shell. 

And Magnus and de Kleijn [20] have shown the existence of a 
number of important postural reflexes of labyrinthine origin affecting the 
extensor muscles of the limbs. «Το. excite the labyrinth they employed 
modes of stimulation natural to it—‘‘adequate ” stimuli—namely 
posings of the head in regard to the direction of gravitational force. 
The labyrinth is a receptive organ specialized for reacting to gravitation 
force, hence it initiates sensations reporting on the spatial relation of 
the head to axes running through it and the earth’s centre, in short, 
to the vertical, and tne reflexes which the labyrinth initiates consist in 
adjustments of the head, including eyeballs and jaw, to the vertical. 

' The action of the muscles in the posture of standing is anti-gravita- 
tional. Hence it is not surprising that the labyrinth reactions should 
be related to and influence *the -anti-gravitational: reflex of standing, 
though this latter ha& its origin in the receptive organs-of the standing: 
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and: neck increases thé ανα of- the. fore. limbs and lowers the, hind 
. quarters just as when the normal animal looks up at a high shelf, The 
bending of the neck and head, to the Tight causes increased extension 
and advancement of the fore limb as normally occurs when the animal 
modifies its attitude for gazing round to ‘the right.. The increase: of 
extension of the limbs when the preparation: is inverted is also ‘what 
happens in the normal animal when it is inverted ; of course, the normal 
animal usually struggles against such an attitude being forced upon it. 
but, when that resistance is over, it, just as Verworn has shown i in the 
guinea-pig, keeps the limbs extended strongly upwards, and may, by . 
what is sometimes termed hypnosis, maintain that protective posture 
for 8 long time, even when left tc itself and free from restraint. 
That in the reflex standing of the decerebrate, cat and dog, the: 
postural contraction: of the ‘anti-gravity muscles which’ is ‘its essential . 
mechanism, is in the maina proprioceptive reaction -whose afferent 
nerves are those of the anti-gravity muscles, themselves is clear. - As to 
; the nervous centres involved, the following seem the main facts: In the 
dog after transection of the spinal cord in the hinder thoracic region, 
, when in the course of some.morths, the depression of spinal function, 
termed spinal shock,.has subsided.the hind limbs are not rarely able to 
stand. . "They can bear, erect the superincumbent hind-quarters, so much | 
so that the observer placing’ his hand under. the hind feet can find that, 
ón lifting the hand suddenly tha erect. posture of the hind ‘limbs is 
sufficiently strong to maintain izself, while the hinder portion of the 
.animal is danced up.and down: by'thé hand: 80 placed. And the spinal 
hind limbs: will maintain their standing posture for half an hour at a 
time. But itis subject to sudden lapses the cause of which may nob 
“be obvious, although it is.often some evident stimulus to the foot or 
elsewhere exciting intercurrént reflex flexion of the limb. But although. 
spinal centres isolated from prespinal are, after the period of spinal 
_ Shock has passed, able per se tc maintain the posture.at least in fair 
degree in cat and dog, they cannot in the period immediately following 
the isolating transection. - Normally, some prespinal.centre, or probably - 
‘several centres, is adjuvant either in ‘the sense that, the postural reflex 
besides employing the spinal centres employs prespinal as well, or in 
the sensé that the spinal centres which the reflex employs are kept up 


`, to the‘mark for that reaction by influence exerted on them by prespinal. j 


As to where these prespinal centres lie the following can be said. 
. , Unessential for crude Maintenance of the act of standing in cat and 
M dog a are the whole’ ifore-brain and mid-brain back to and’ inclusive of the ; 
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posterior colliculi, Likewise the labyrinths are not necessary since 
they can be destroyed and the reflex posture persist. Further, the 
cerebellum can be removed without the posture being annulled. 
‘Evidently the prespinal centres necessary he in the pontine region or 
bulb, or both, though mainly in the former. 

But though the neural mechanism of the standing posture does not 
- essentially demand for its crude performance those mid- and hind-brain 
regions, these do afford ıt assistance, and as Magnus and de Klein's 
observations prove for the octavus nerves provide for it reflex adjust- 
ment in manifold important ways. And Weed’s [40] experiments 
"indicate that the.cerebellum commonly lends it a large amount of 
support and doubtless of refined adjustment and correlation too. 

A further question is whether in all cases the reflex tonus or postural 
action of striped muscle has its source in the afferents of the posturally 
acting muscle itself. A departure from this rule might appear to be 
given by the extrinsic muscles of the eyeball. These are pre-eminently 
postural in their function, since the gaze is in most cases typically a 
posture. The third, fourth, and sixth cranial nerves are usually regarded 
as being purely motor nerves. But it has been somewhat recently 
shown that a large number of the fibres of these nerves are afferent and 
supply receptive nerve-endings to the recti and obliqui muscles and 
' their tendons. The common occurrence of squint in tabes is also 
evidence that the postural action (tonus) of these eyeball muscles, is 
based on reflex action subserved by the afferents of these muscles them- 
selves. The squint would be evidence of 8 hypotonia analogous to the 
hypotonia, of tabetic limbs. 

There is, however, 8 case in which the reflex postural action of a 
muscle, not a striated one, is dependent in large measure on afferents 
distributed not to itself. The sphincter pupillæ, like other sphincters, 
exhibits marked postural action, and its.degree of contraction, its tonic 
posture, has its reflex origin largely in the retina. Here the reflex arc, 
as is well known, involves certain of the fibres of the optic nerve, and 
central stations lying in the anterior colliculus. Here the natural 
stimulus exciting the reflex posture is light, and the posture itself has, 
of course, as its raison d'étre, the adjustment of the organ of which it 15 
a part in regard to that very agent which is its source of stimulation. 
If we apply that inference to the case of the postural action of the 
limb muscles in,' for instance, standing, the ra«son d'étre of their postural 
.action is the adjustment of the length of the muscle against a stimulus 
which is gravity acting in the form of mechanical tension upon the 
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muscles themselves. In the case, therefore, of the hmb muscles and 
their reflex postural action in standing, we should expect the afferents 
of the muscles themselves to be the media of the reflex and the agents 
stimulating their end- -organs to be mechanical strain. That brings the 
difficult question, what is the natural stimulus which excites the reflex 
postural action of the muscles in such a case as standing 2 ' 

Evidently it is some state cr process resident in the posturing 
muscles themselves. The afferent nerve-fibres gathered up im the 
afferent nerve of the muscle are traceable peripherally to nerve- 
endings, some of which are distributed to the muscle proper, ‘others to 
its tendinous, aponeurotic,.and fascial appurtenances. And there is 
evidence ‘that the afferent nerve of a muscle contains admixed in it 
constituent fibres of various reflex effect. The afferent nerve-fibres ' 
of an extensor or anti- -gravity muscle appear to be of two functional 
kinds. ‘One kind, a, produces reflex inhibition of its own muscle 
and of other allied extensor muscles and reflex contraction of flexor 
muscles antagonistic to the muscles it inhibits. This kind usually 
dominates in the reflex reactior excited from the afferent nerve by: 
faradic stimulation of moderate or considerable intensity, The other 
kind, 8, produces reflex contraction of its own muscle, an extensor 
muscle; and this kind is excited by very weak or brief faradic stimula- 
tion, and even with moderately strong faradic stimuh often makes its 
effect seen at the onset of the reflex responsa. A form of electric 
stimulation which seems to suit this B kind "better than does faradic 
. stimulation is serial brief. non-&brupt galvanic currents such as are, 
provided by the rotating rheonome. Evidently the a kind, if. it cannot | 
excite contraction of its muscle, cannot be answerable for the knee-jerk 
which there is now good ground for regarding aa a true and, of course, 
proprioceptive reflex. To the £ ‘kind, therefore, the knee- -jerk can be 
relegated. If it is the 8 kind which is responsible also for the produc- 
tion of the postural contraction of the muscle, and the special amenity 
to electric stimuli of mild intensity supports this probability, that 
would explain the association of the knee-jerk with tonus or, as it is 
preferred to say here, postural contraction. The knee-jerk though not a 
tonic or postural reaction itself, is in many circumstances a significant 
test for the tonicity arc, that is, for the arc on which depends the reflex 
postural contraction of the muscle. l 

A feature of the knee-jerk related to postural reflexes, vety 


1 See Sternberg, M., “Die Selmenreflexe," 1893, Vienna. 
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the Bade by stretching, it through one of its mobile MORE and 
also on elongation of the muscle under relaxation by reflex inhibition. 

. By the former method ‘there is increased mechanical tension of the 
muscle, by the latter there is no increase of its mechamcal tension. 
But the fleshy part of the muscle undergoes a similar change of form | 
in both procedures, that, is, the muscle-fibres become longer and 
narrower under both procedures. This would suggest that the afferent __ 
nerve-fibres concerned in the lengthening reaction have their receptor i 

organs in the fleshy part of the muscle and not. in the tendinous. The ` 


. receptive organs belonging to the fleshy part of the muscle are in the- - 


main.the spindles; the Golgi organs belong to the tendon. 

As'regards the shortening reaction, it, like the lengthening reaction, 
can be obtained in either of two ways—by passively approximating the 
points of attachment of the muscle, or by causing the muscle to shorten. 
itself actively by reflex contraction. By the former method the muscle 
in the progress of its change to a shorter length undergoes no increase 
of tension, by the latter method it does. But the: shortening reaction 
ensues by both methods. The tendinous portion of the muscle, although 
fully participating in tension: changes of the muscle, participates rela- 
tively little in the-form changes, these latter affecting chiefly the fleshy 
portion. This ‘suggests that the afferent nerve-fibres concerned with 
the shortening reaction are, as in the case of the “lengthening reaction," 
those which have receptor organs in the. muscle tissue ‘proper; the 
spindles and not those connected with the tendon organs. 

The abdomen 1s 8 muscular walled chamber. Kelling [16] examined . 
the intra-abdominal pressure in the dog before and after the animal’s 
taking of a copious meal. -He found the intra-abdominal pressure ' 
altered very little after the intake of a volume of food amounting to 
50 per cent. of the total contents of the abdomen in the fasting condi- 
tion. Thus, after twenty-four hours’ fast the water manometer showed 
a pressure of 2cm. The dog then ate 300 c.c. of meat. The dog's girth 
at epigastrrum measured then 40 cm. as against 35 cm. previously, and 
‘at penis 30 cm. as against 27cm. On the introduction further.of 100 c.c. ` 
of air into the abdomen the manometer registered 4 cm. pressure. . On 
‘then killing the animal the'total abdominal contents, viscera and their 
contents, amounted to 950 c.c.; the stomach was found to contain 
380 c.c. of food. Kelling infers from his observations that the additional 
volume of contents must be made room for by reflex expansion of the 
abdominal wall—1.e., by reflex adjustment of the postural contraction of 
the abdominal muscles. The diaphragm being one of the muscles 
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limiting the abdominal chamber, it may be recalled that Dittler found 
that the action-currents of the diaphragm did not subside even at the 
end of its expiratory period; that is, a residual degree of contraction 
still persisted in it; this suggests a postural contraction which would 
contribute toward the regulation of the capacity of the abdominal 
chamber. 

The evidence obtained from the skeletal muscles shows, therefore, 
that when operated reflexly they have the power of exhibiting the same 
tension for different degrees of active length, for they are able to 
-counterbalance just the same extending force whatever, within a wide 
range, their contraction length at any given time may happen to be. 
We are so accustomed to regard the muscle-fibre as an elastic string 
that this property of exhibiting different lengths, while exhibiting one 
and the same degree of tension, appears contrary to our fundamental 
notions of muscular activity. It 1s a property of which the skeletal 
muscle, when not under the action of nerve-centres, shows no trace, and 
it is 8, property which, so far as has yet been found, is little or not at 
all exhibited by muscle under artificial stimulation of its motor nerve. 
_ It is, however, a property which is especially present in skeletal muscle 
when the nerve-centres are operating it for the maintenance of posture. 
It characterizes the postural contraction of skeletal muscle, and it does 
so in the invertebrata as well as the vertebrata. We may next inquire 
whether other muscles than the skeletal exhibit it ; whether the visceral 
and vascular systems of muscle also give evidence of its occurrence in 
their activities. 


IIL— VISCERAL M USCLE. 


Bladder.—In 1882, Mosso and Pellacani [26] published observations 
upon the urinary bladder, in man and in the dog, difficult to harmonize 


with the view, then general, which regarded the viscus as simply an 
elastic reservon, capable of enip&ying itself by muscular contraction 
when under sonam of its céntents it became “full.” As to the 


manner of its evaguation their observations brought little new, but as to 
its being simply gn elastic reservoir their observations were revolutionary. 
If the bladder T a flexible elastic membrane such as is a rubber bag, 
. it must, under distension by its gathering' contents, develop steadily an 
increasing preggure as the volume of fluid increases within it. Starting 
from emptin ss such a bag will first unfold its flexures, and after that 
a rise of pressure within it must accompany the stretching of the elastic 
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wall Leaving aside the hydrostatic pressure of its contents as for 
our purpose negligible, the, bag's pressure will until its flexures are 
unfolded be practically zero. The zero pressure, obtaining at the 
beginning extends therefore over ει short range of capacities the upper 
hmit of which is determined by the size to which the bag can be 
unfolded without being otherwise extended. For every quantity 
beyond this the pressure will be positive, and each increase of contents 
will heighten the pressure though, 88 experiment shows, not simply 
proportionally with the increased volume of the bag. The actual ' 
amount of increase of pressure for a given increase of contents will 
depend on the elasticity of the bag-wall. 

The relation between increments of volume and of pressure depends 
not only on the co-efficient of elasticity of the membrane composing the 
bag, but on certain other factors as well. Osborne [29] has dealt with 
this theoretically and by experimental observation. "Where, as with 
rubber, the extensibility of the elastic material is great, 1ts dimensions, 
including its thickness, alter much under the stretch imposed. This 
complicates the problem of determining the co-efficient of elasticity. 
It was to lessen this difficulty that Fick, for whom muscular contraction 
was in the main a problem of elasticity, devised the isometric registra- 
tion of the contraction of frog’s muscle, which allows scarcely any 
alteration of the length of the muscle even when its tension alters 
greatly. In thin-walled elastic bags and hollow viscera this change of 
configuration of the elastic structure is large and’ creates serious com- 
plication for the analysis of results. A further complicating factor is 
that a subspherical bag may change in general figure as its size alters. 
And further factors still are certain obscure changes in the physical 
consistence of the rubber membrane as inflation and deflation proceed. 
An "initial rigidity" (Osborne) makes the membrane less extensible 
at first than later. And there is with rubber an elasticity after-action, 
negligible with ordinary solids, which h makes the rise of pressure ' 
established by an increment of distéüsion tend to fall off and be 
imperfectly maintained. A time factor, therefore, enters to some 
extent into the relation between: the bag's cnn and pressure. 
Further, in the bag when distended beyond a certain point the pressure 
instead of rising further on further distension may actually fall some- 
what, though on then lessening the contents-volume there is no re-ascent 
of pressure. This Osborne inclines to attribute to “ mitial rigidity.” 
With extreme stages of distension, when the bag is sg rupturing, 
altered relations finally set in, but these, as wanting hkeness to 
conditions in the viscus, can here be left aside. B í 
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Osborne [29] compared with the behavıour of rubber bags that o 
the urinary bladder examined twenty-four hours after deatb. In this 
latter. from its zero-pressure capacity upwards, increments of content 
produced somewhat rapidly increasing increments of pressure. No 
“initial rigidity " was found,and no point where further increase of 
volume was accompanied by fall in pressure. When the distension 
was pushed to the limit of elasticity of the wall, the gradient of ascend- 
ing pressure became very steep prior to the bursting point and did not 
progress as a linear function of the volume. The bladder twenty-four 
hours after death must, we may suppose, be regarded as dead in so far 
as concerns the nervous and muscular constituents of its wall unless 
very special precautions be taken. Such & supposition is borne out by 
Kelling’s observation on the loss of excitability of the muscular coat 
of the stomach within fewer hours after death. Experiments on the 
dead bladder would demonstrate not so much the relations obtaining 
between volume and pressure in the living viscus as in that viscus with 
8 non-operative muscular coat and nerve elements. Thus they furnish 
a useful control for observations such as those of Mosso and Pellacani 
dealing, as do the latter, with the mechanical properties of the muscular 
wall in life. 

Mosso and Pellacani [26] found in the hving bladder of man and 
dog little evidence of a zero-pressure even in the “empty ” organ, none 
of a zero-pressure regularly obtaining whenever the capacity was below 
a certain amount. In a small dog a water reservoir giving a pressure 
head of 5 cm. water: when connected by catheter with the 
* emptied " bladder in situ, usually did not transfer any of its water 
to the bladder whether the latter were full or empty. The bladder was 
observed even at rapid intervals to hold very different volumes of water 
under one ant the same pressure. It would exert a pressure of 10 cm. 
water whether its contents were 10 c.c. or 90 c.c., or a pressure 
of 16 cm. whether it contained 50 c.c. or 150 c.c. They concluded 
that in man an intravesical pressure of 18 cm. water is usually 
accompanied by desire to empty the viscus; and they point out that 
the stimulus exciting desire to micturate is closely related with 
intravesical pressure’ but not closely with the quantity of bladder 
content—i.e., bladder volume. They found the sensation of fulness of 
the bladder arise in the same person with various volumes of bladder- 
content according to circumstances. If, by injection of water into the 
bladder under a pressure of 18 to 20 cm. water, the desire to 
micturate were aroused, and if then the evacuation were prevented by 
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closing the catheter for a short time, the feeling of fulness passed off, 
and on re-opening the catheter the intravesical pressure was found to 
have subsided below the pressure at which sensation of fulness arose. 
The same animal’s bladder might at a given time contain a larger 
volume οἵ content at a lower pressure than that at which at another 
time, it contained a smaller quantity, this, εὐ one time 95 c.c. at 
10 cm, pressure, at another 50 c.c. at 15 cm. pressure. Speedy intro- 
duction of additional fluid into the bladder caused a temporary rise 
of pressure which then partly fell off, the viscus settling. down to its 
increased contents under a pressure little above that which it had 
previously exerted on & much smaller quantity. In short, the viscus 
responded to the increment of content by a sort of active diastole 
proportioned to the volume of the increment. Conversely, on with-, 
drawing from the viscus some of its content Mosso and Pellacani 
observed a passing fall of pressure followed usually by re-establishment 
of nearly the same pressure as before. The contractile bladder wall 
followéd up the partial evacuation and then held the reduced amount 
with about the, same light tension of grasp as it had previously exerted 
' on the larger. 
The authors remarked this unexpected features of the bladder 
tonus. In terms of tonus their observations were described, and would 
still be described, somewhat as follows. When the bladder dilated so as 
to hold more content its tonus was'spoken of as lessened. Adhering to 
the literal sense tonus, howevér, means tension, and the salient feature 
of the above reaction is that the vesical tension remains little altered, , 
and what alteration there is les in the direction cf increase. Conversely, 
when, after some of the viscus content has been withdrawn, the viscus 
wall has followed the diminution and. envelops the reduced content 
with nearly the same, though usually a somewhat less,*pressure than 
before, what shall be said of the change in tonus? Shall it be called 
more or less? Mosso, years later on a visit to England, happened to 
see an experiment with an isolated viscus showing change of tonus. 
He turned to those of us near with the exclamation, “ Ah, tonus, what 
is tonus? Who can say what tonus is?" Hither we have to get rid: 
of the connotation “ tension ” from our idea of tonus, or else, as making ` 
for clearness, to avoid using the term m regard to such reactions of 
the viscera. 
The living bladder, unlike the dead bladder or supr bag, enfolds its 
contents with the same light grip whether those contents be ample or ' ` 
httle. Similarly the hand when grasping a bell may exert a similar 
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ligne των, whether the size of ‘the ball- bė- larger or smaller. The 
‘bladder’ ‘sometimes’ enfolds a “arger volume with a lighter pressure 
‘than it: may. exert ‘at another tinie on 8 smaller volume. ‘In ο ας 


-. of the, hand’ clasping ‘a handful we do nob employ the word “ tonus.” 


- Rather: we ‘speak of it. as adopting. -& posture suited to.the volume of the 
` object. it grasps. - The, ‘case ‘of ‘the: viscus, ig : analogous ; the bladder 
assumes ` postures suited, to the volume of its contents: With 50 ¢.c. 
of: contient' ο”: bladder assumes what: might’ be termeéd its 50 c.c. 
-posture ; with" 200 ec. contents it adopts a. «200 c.c. posture. The 


` muscular .wall must: ‘in the latter - 0886-26, on the: average twice as long _ 


in any'diréction as it is the former, Þut such extension.of it is, as shown 


Ten by Moséo, and Pellacani, not ’ usually accompanied by anything more 


than 8 ‘slight rige. in its tension. : : The dead. bladder has no property 
Buch that: wHen its radius is doübled the wall-tension is hardly increased. 
_The living muscle of the ‘wall. could: exhibit; such à property if, in order 
“to double, the radius, ‘it actively relaxed ‘from one contractile form to 
‘another, that i is, if its ‘ouscular. fibres actively lengthened from a shorter 
form which they pteviously maintained. . But here a difficulty arises 
in’ view' of ` the prevailing conception öf inuseular contraction. The 
‘notion of tensión is attached ‘ds°a concomitant of shortening and 


' supposes that ‘ ‘with greater shortening there, must ran greater tension. 


But it -has become clear, from recent ‘observations, ‘mentioned above, that 
` skeletal : muscle in: postural ' reflex: contraction may alter ‘the length of 
“its fibres very considerably with little i or no change in the tension the 
' muscle, exerts, If we could'i imagine the visceral muscle of the bladder 
wall replaced by an appropri&ütely shaped arrangement of living skeletal 
muscle acting. posturally under.reflex innervation it, as we have seen, 
could fulfil: “the requirements; which Mosso:and .Pellacani’s observations 
‘show ` that. if does fulfil We ‘may apply the term posture to this 
.property ‘of the. bladder by virtue of „which , it'.solves, the problem of 


᾽ acting as’ δ reservoir for’ quantities of fluid of very varying volume 


4 


- from One‘ occasion to another without allowing the intravesical pressure 
, to attain the reflex. Stimulus threshold height with one particular fluid- 
' quantity only. ‘But if we do; we “must attempt , a definition of ‘posture 
in order that the" term may be. “clear. Ἔν 

-Posture may: be passive | or active. ` The Loris es dor instance, 
"the.;postures of a dead body’ impressed. on: it by gravity &e.—are of 
- course outside this inquiry... ' Active postüre largely compasses. the 
counteraction : -οξ those ` effects - which .Eravitation, &c., produce in 


. the’ ‘dead’ body. ` Active posttires gay. ‘be described as those reactions 


~ : T. ` 
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dh: Abo the Voir dd. of ‘the vody nd 5 tts, ‘part 4 
of .forcés tending ‘to disturb. them, preserved | ‘by the: activi 
 ‘tractile tissues, these tissues then functioning statically. T 
muscle as an exécutant of moverhents is so striking that its off 
. venting’ movement and displacement is somewhat overlooked. 
-inóvement, whether active or passive, has, brought about & cha 
configuration of a limb—e.g., by flexing one of its joints——an 
‘function of, the musculature may be to niaintamn, the new con 
ons posture. In doing this the muscle prevents movement, 
pit then acta. statically and, ‘though | in'‘a state of contra 
. πο mechanical work whether the tension it develops i in thus m 
„its and the limb's new configuration -be great ‘or’ small. J 
limb. assümes, in result of’ a movement éither passively i impos 
Or ‘actively executed by.it, various: configurations and can mai 
οὔ these with various degrees of tension—for instance, the’ arm 
-with'a 9 kgm. weight in the: hand or a 6 kgm.'weight—so - 
muscular viseus after partial, evacuation, or after introductio 


' `. content, assumes a new configuration, conformably with th 


volume , of. content; and this new configuration. is in both ‘cs 
tained by the activity of the muscle functioning statically. 
assumption of a new configuration and the maintenance 
- muscular in. the viscus just as in the limb, and, the essential 
the muscular τοβοίίοη exhibited: ‘is in the viscus: that which, i 
limb. Such reactiom in the musculature of the limb is called 
‘it is conducive to clearness if in the viscus also it be termec 
Both. are. instances: of the postural contraction: of muscle 
the relation ` of -the. central: nervous ‘system to the .postur 
is very different in the two ca&és. But thé, essential ident 
two cases justifies, and is helpfully kept im view by using, su 
concerning. 8 muscular reservoir. yiscus a8 that it exhibits: 8 ql 
' posture, or 8 half-pint posture, and so on, according to the 
its contents, and that.both in the one and in the other postt 
'exert.ome and the-same pressure: on its, contents. 
The bladder ig no isolated’ instance of 8. muscular viscus 

these’ ‘volumetric postures. i p ' 
, Stomach. — The. musculature of this viseus, is now known 1 
. very differently. in its different regions, not only in rumi 

᾿ birds, -but also in the cat, dog; and man. From sphin 
ο, pylori to pylorus. it works as:& sort of mill performing fo 
cd more ory ‘less yee ‘movements, wheres. in De fundal į pc 
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158 contractile wall 1t forms a reservoir or hopper whence the mull draws 
its pabulum for milling. A functional requirement of the fundal reservoir 
is that 1t should receive easily and accommodate easily food arriving 
often in large volume quickly, and that it should do so without ensuence 
of any large rise of pressure. High pressure in the fundus would 
mean difficulty of entrance of further food from the csophagus and 
the premature falling off of one of the factors essential to appetite 
(Cannon and Washburn [10]), if not the appearance of gastric uneasi- 
ness and pain. The mechanical problem before the fundus portion of 
the stomach is therefore in one way like that before the urinary bladder, 
it has to alter its capacity considerably without altering greatly its 
tension; in one respect, however, its problem is the reverse of that of 
the bladder, it is rapidly filled and relatively slowly emptied. 

That the gastric fundus does in fact. meet these requirements is 
shown by actual observations. Thus, in an etherized dog the stomach, 
exposed and freed from abdominal pressure by suitable incisions of 
the abdominal wall, showed during twenty minutes an intra-gastric 
pressure varying between 4 cm. and 5 cm. water, the intra-jejunal 
pressure at a distance of 40 cm. below pylorus being 2 cm. to 4 cm. 
water. Both stomach and jejunum at the time contained portions of 
& previous meal. Then 400 e.c. water were put into the stomach 
through a cannula. The intra-gastric pressure at once rose, but only 
by 1 cm. water—i.e., to 6 cm.—and twenty minutes later it had fallen to 
4 cm. and the jejunal was then 8 cm. Absorption of water from the 
stomach is slow, especially under narcosis; nor was there evidence that 
the fluid had left through the pylorus. The organ had made room for 
the additional content and exerted on it only the same light pressure 
as ıt had done on the smaller content it had held previously. Its 
muscular coat had exchanged its previous 100 c.c. posture for a 500 c.c. 
posture practically without change of tension. 

Direct observation shows the ability of the fundus to adjust suitably 
its postural contraction in the converse case of diminishing content. 
In a man with gastric fistula, by reason of a cicatricial stricture of 
oesophagus, Kelling obtained the, following data. Water to the quantity 
of 200 c.c. and air to the volume of 300 c.c. were introduced into 
the empty stomach. The intra-gastric pressure a minute later was 
10 cm. of water, .but two minutes later had fallen to 8 cm., and it 
remained at that pressure during the next twenty minutes. It was 
then found that the water had disappeared from the stomach and also 
some-of the air, 200 c.c. of the latter being all that was withdrawn. 
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The oaia had T rid of more than 300 c.c. of its contents without 
any fall in the intra-gastric pressure. The muscular coat had by a 
“shortening reaction,” to use the term adopted above for skeletal 
muscle, adjusted its capacity, or, expressing the change m a linear 
term, shortened its contraction length without appreciably lessening or 
increasing its contraction tension. 

The same phenomenon is exhibited by the excised surviving stomach 
(cat). An expansible bag, whose volume can.be increased by injection 
from & pressure reservoir outside, is, placed within the excised stomach. 
The intra-gastric pressure being 16 cm. water, the bag 15 then rapidly 
dilated within the stomach so as to raise the intra-gastric pressure to 
12 cm. water. The gastric pressure soon falls to the origimal level 
again. Similarly, after & rapid injection of water the fundus portion 
expands (the pyloric does not) and the pressure which rises at the 
time of injection soon falls to what it was before the injection (Sick 
and Tedesco [38]). These reactions to distension the dead stomach 
does not give.  Distension of the dead viscus to 200 c.c. causes an 
intra-gastric pressure higher than that attending distension to 600 c.c. 
capacity in the excised but still surviving organ. With the living organ 
vn situ, and with its circulation intact the difference is greater still. 
Thus, a small cat took at a meal 150 grm. méat with 150 ο.ο. milk, the 
intra-gastric pressure rising to 9 cm. water. The animal was then 
killed, the stomach taken out and emptied; the :ntroduction of 300 o.c. 
of fluid into it then caused the gastric pressure.to mse to 80 cm. water. 
Cannon and Lieb [9] have shown that each passing of the cardia by . 
swallowed food is accompanied by a rapid small dilatation of the fundus, 
and that this dilatation is a reflex operated through the vagus. The 
gastric pressure at this moment drops a Bus: and then returns to what 
it had been previously. : 

As to the relation of the nervous system to the postural contraction 
which determines the capacity of a hollow muscular viscus, evidence 
emerges from some of the observations onthe stomach. Sick and 
Tedesco have shown that this postural power is, to an unmistakeable 
extent, still retained by the excised stomach surviving in a bath of 
oxygenated Ringer’s fluid kept at 38? C. And some observations; as 
yet unpublished, by Miss S. C. M. Sowton, indicate the same thing. 
The isolated. viscus carefully shielded from changes in temperature was 
tested for its reactions to increments of content. The increments Were 
introduced into the organ at its own temperature, and under pressures 
not much above that already obtaining in the organ at the time. After 
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lying locked up in the organ, by closure of the introduction tap, for a 
brief time, the increment of content was found to be retained in whole 
or in part by the organ on reopening the tap, and at a pressure often 
not appreciably different from that obtaining before the increment was 
added. But the power to adjust the postural contraction of the fundal 
portion to increased or diminished volumes of content without much 
change of pressure 18, although thus present in the excised organ, less 
ample and less perfect than under natural conditions of the living 
normal organ 4n situ, with circulation and nervous system intact. 

Among the invertebrata are forms which may be likened to the 
hollow viscera in so far that they may be regarded from our point of 
. view as muscular bags. Sipunculus, the marine Gephyrean worm, 
about the size and shape of a cigar, is, so to say, such & muscular bag. 
‘Its front end lengthens to a tube, and can be extroverted and then with- 
drawn again, and this is a normal action when the animal bores the 
sand. If the hinder part, the muscular sac, be removed, tied to the 
lower end of a vertical glass tube filled half-way up with water, and if 
the glass tube and muscular sac be then plunged into a bath of sea-water, 
the preparation reacts as follows: The meniscus of the fluid in the glass 
tube settles at some point above the water-level of the bath. There 1s 
.thus a certain excess of pressure in the bag over and above the fluid 
, pressure of the bath outside it. If then the tube and preparation be 
plunged deeper in the bath the muscular bag becomes smaller and the 
height of the water-column in the glass tube still retains practically the 
same excess above the water-level of the bath. Conversely, if the tube 
and preparation be raised so that the preparation lies shallower in the 
bath, the size of the muscular bag increases, but the water-level in the 
manometric tube soon settles to practically the same height above the 
water-level of the bath. When the tube and preparation are raised 
there is, of course, a rise of hydrostatic pressure of the fluid inside the 
bag in reference to the water-pressure of the bath exerted on the outer 
face of the bag, and so conversely there is a fall when the tube and 
preparation are lowered farther into the bath. The muscular bag 
evidently actively assumes various sizes to suit the different quantities 
of water thus injected into or withdrawn from its interior, but it exerts 
practically the same pressure, maintains the same tension, whether it is 
holding more content or less. 
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IV.—MUScCLES OF THE CIRCULATORY SYSTEM. 


Before leaving the anstriped musculature it may be in place t to 
inquire what other examples of its tonus are intarpretable as posture in 
the same sense as with the bladder. and the stomach. Examination of 
the intestine seems to have been too httle prosecuted (from this point 
of view) to furnish interpretable. data. With the circulatory muscular 
apparatus, however, there are more indications. Unstriped muscle, like 
skeletal muscle, evidently functions for two main purposes which in 
some ways it is possible. and desirable to consider apart. Of these one 
is the performance of movements which overcome resistances by the 
development of tension; the other is the adjustment of contractile length 
"without necessary alterztion of mechaniéal tension. In the muscular * 
mechanism of the circulation these two functions seem to reach high 
expression in separate portions of the apparatus. In the heart the 
movement function, the beat contraction, predominates even more than 
in the bladder and stomach; and as in their case the organ is evacuated 
by its means. A further resemblance between heart and stomach is : 
that just as the fundal portion of'the latter is an expansible reservoir 
collecting provender for the strong rhythmically contracting pyloric, 
press, so in the heart the auricles are a distensible reservoir which 
collects the blood, filing the strong rhythmically contracting ventricular 
pump. It is of the reservoir portion, the auricle, that postural function, - 
tonus, would be expected rather.than of the ventricle, and in some cases, 
as Fano [13] and Botazzi [6] have shown, tonus phenomena are very 
obvious. In the tortoise auricle, apart from beat contractions, the 
capacity of the chamber varies considerably at various times according 
to its “tonus”; and W. T. Porter [84] has drawn attention to the 
independence of the tonus, or state of posture as I would prefer to 
style it, on the one hand and of the beat contraction on the other. 

In the blood-vessels &s contrasted with the heart the beat contraction 
is but slightly developed while posturing, or “tonus” is greatly in 
evidence. When the fulness of an artery alters for reasons outside 
events in its own wall, the active posture of its circular coat should, on 
analogy with that of other hollow muscular organs, adjust itself to the: 
diminished volume with little or no change in tension. The mechanical 
conditions of a conduit tube under a variable head of pressure, and with 
varying resistance in its exit, practically preclude experimental test of 
this in the vessel im situ. But the observations of McWilliam [19] 
and of Kesson [17] on fresh excised that such 
a reaction is present. The sury 
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under almost the same wall-tension considerably different diameters— 
i.e., circumferential lengths, capacity postures of its wall. The com- 
pensation of arterial pressure when the body is changed in position from 
the horizontal to the erect is, as is well known, accompanied by α 
change in the diameter of the arteries. This adjustment of postural 
capacity to a smaller content, enabling the settling down to that smaller 
content without appreciable diminution of their grip pressure, is 
analogous to the adjustment of capacity-posture in the blidder and the 
stomach. So also the converse reaction, when the erect position of the 
body is exchanged for the horizontal, finds the arteries able to meet ib 
by postural adjustment to a new and increased postural capacity without 
necessarily greater tension of the arterial wall. It may be that only 
when the alterations of filling exceed moderate limits does the stress 
fall completely upon the pure elastic elements of the wall. When the 
arteries are examined from a freshly killed animal the arteries are found 
in a state of contraction. And this persists when the excised portions 
. óf them are washed out with oxygenated Locke’s fluid. "The excised 
portions are perfectly excitable to break-shock stimuli. This contracted 
state of the surviving arterial wall suggests that when at death the 
arterial tree became partially emptied by its contents running over into 
the venous system the postural action of the arterial wall followed down 
the diminishing content, just as does the bladder or stomach wall when 
those viscera are partially evacuated. Meyer [23] found that the best 
way to restore the arterial wall of the excised piece of artery to its normal 
calibre was to stretch it under an appropriate load for a quarter of an 
hour, and that in this way it resumed an approximately normal capacity 
and retained it after the correcting load had been removed. It will be 
‘seen that this is practically the same thing as what has in this article 
been described both for skeletal muscle and visceral muscle as the 
“lengthening reaction,” although with the difference that in the case 
of skeletal muscle the reflex arc of the muscle, the proprioceptive arc, 
is necessary for the reaction, though in the case of the excised artery 
no such arc is required. 

Bayliss [1], however, bas demonstrated that the living artery 
reacts to a sudden rise of internal pressure by contracting, and this 
observation seems at variance with the above. Bayliss’s reaction, I 
would suggest, is comparable with that contraction of a skeletal muscle 
which in the spinal preparation can be evoked by suddenly stretching 
it—e.g., by, the fall of a weight attached {ο its tendon. The extensor 
of the knee, although it exhibits the lengthening reaction to a gradual 
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though rapid atretch, yet gives- -the knee- jerk toa ‘sudden tap c of quoe. 
brief’ pull.. I cannot but : think that’ to a more gradual distension the - 


living artery would give & reaction of relaxation such as the bladdér 
“and stomach exhibit ‘under’ similar distension. The curves given by. 


McWilliam’ [19]΄ and- Kesson [17] showing the reaction gn BUEVIVINE. 


‘arteries’ appear to. me to. support such’ a view. 


`- extract.on thé excised strip: of ‘artéry according. as: the vessel has been: : 


- 


' Osborne [29] remarks, “ ]t-is a mistaké to desctibe the flow at 
‘blood in the systemic arteries as a ‘flow of liquid in elastic tubes. Such. 
is certainly the case,only when the muscle is fully inhibited or. killed, 


‘Kesson experiments. The. difference between - the effect of adrenal 


previously stretched’ or not illustrates the same, point. 
' The upshot of: the foregoing experiments ion ungtriped: muscle is 
that this type of: muscle, besides producing | imovement contractions’ 


or’ beats, is- ‘able to maintain. itself at various ‘lengths exerting under ` 


‘all’ those various lengths ' approximately ' one and ‘the ‘same’ tension: ` 
The wall of a hollow viscus is: thus . able to ,hold thé fluid contents 


of ‘the visus at approximately the "same pressure whether those `- 


conterits are: copious or, not, because of ‘the ‘ability’ of ite fibres ,io 
exert. the same tension whatever the form, , shorter "Or longer, within... 
τν certain. wide range, which they have assumed. And their differences 


in ‘length during this activity can be 80 great’ as: to allow differences in, 


= -the capaciousness of the organ suggestive. of. actual ' slipping - of the - 


^ "Tó-deseribe the"circulation as occurring through a system of muscular 
“tubes with some elastic tissue aiding.’ the. muscles , "would be more, 
J3 accurate.” . How true. this 18. 48 -evident from the ‘McWilliam. and ' 
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| m uscle-fibres ,upon each other; "Tonus'a& applied to such ἃ condition..." 


.'seems ah equivocal - term. «ΤΕ the Pressure of ike "wall on the, .viscus 


content he taken as criterion of tonus, then: tohus has nothing. to BBY . 


_-about the state of. shortness or of elongation of the muscle, for these: : 
are independent of ‘the pressure. If tonus be’ transferred from iis - : 


literal meaning to: one descriptive of form, and be used.to indicaté the, 
‘state-of shortness of the muscle—thus; if the'bladder when maintaining ' 


 ofsize have no constant. relation’ to states of tension, tonus appéars a 


misnomer,’ since it-thén retains nothing at ‘all of. its original and literal : 
meaning. And skeletal muscle. exhibits exactly the samé properties.ag,” 
these just: ‘described in unstriped ‘muscle, and skeletal muscle exhibits” 
them, When it pêrforms one E its’ chief functions; namély, the iain- , 


E 


^ a, small or, destricted volume ‘be ‘considered - to: have more tonus than $ f 
, maintaining 8 ‘large and ''' dilated " capacity—then since these states’: 
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tenance of posture. With the unstriped muscles of the viscera and 
blood-vessels just as with the striped muscles of the skeletal frame, 
it seems therefore preferable, because more direct, to speak of this 
form of activity as postural. 


The application of the term tonus to sphincter muscles illustrates 
its employment as meaning posture. A sphincter is described as 
‘exhibiting tonus when it maintains a closed posture of the onfice it 
guards. Tonus here means nothing but postural contraction. 


V.—GENERAL REMARKS. 


Finally, we may attempt to examine what are the main characters 

of the action of muscle functioning posturally. 
` Reflex postural contraction is characterized by (1) the low degree of 
tension it usually ‘develops; (2) the long periods for which it is very 
commonly maintained without obvious fatigue; (8) the difficulty of 
obtaining by artificial—e.g., electrical stimulation—reflex contraction 
at all closely simulating the postural contraction produced by the natural 
stimuli whatever these may be; (4) by the relative ease with which 
reflex inhibition , interrupts the postural contraction, and by the (5) 
"]engthening" and (6) “shortening” reactions obtamable from 
muscles exhibiting postural contraction. In regarding these features 
as distinctive various reservations have to be made. As to the first 
feature the tension strength, though commonly quite mild, is sometimes 
quite powerful. For instance, in the decerebrate cat the postural 
tension of the anti-gravity muscles, though usually just sufficing to 
support the superincumbent weight of the animal in its erect posture, 
may sometimes be far greater than that, both when the preparation 1s 
on its side or supine—i.e., inverted. Magnus and de Kleij [20] have 
pointed out that the reinforcement of the postural extension of the 
limbs by influences fron fhe wWebyrinths is greatest in the inverted 
position of the prepara&fíón. This might be taken.as an indication that 
the reflex posture of the preparation is not really that of standing. 
But, as is well known. many animals when placed supine throw up the 
limbs into an attitugs of full extemsion. The accentuation of the 
postural extension When this is dond in the decerebrate preparation 
is, therefore, merely the reflex assumption of a defensive posture of 
common occurrence, and does not "y that the postural action of 
the extensors in the right-side-up attitude is not just as truly reflex 


i 


standing. | 
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Of more interest is the fact that when the reflex postural contrac- 


tion is very powerful it seems to pass‘ over into the full sthenic 
reflex action which can be produced by ordinary artificial stimulation 
of an afferent nerve appropriate for reflexly exciting the muscle. The 
lengthening reaction cannot .be obtained from a muscle in ordinary 
sthenic reflex contraction as excited by the usual faradic stimulation 
of an afferent nerve; nor can this reaction be obtained, in my experience, 
from a posturally contracting muscle if its postural contraction is very 


strong. In so far then the reflex postural contraction seems when very ` 


intense to pass over into and become indistinguishable in this respect 
from ordinary reflex contraction such as occurs in “movement” reflexes, 
&c. Again, though reflex postural contraction is in many cases inhibited 
by stimulation of any appropriate afferent nerve with an ease and 
delicacy of grading truly remarkable there are instances where even 
powerful inhibitory stimuli fail to inhibit it. Such instances occur in 


^ 


certain phases of strychnine poison which augments postural contraction; . 
also in the contraction of the fore-limb ‘muscles in the embrace-posture , 


of the male frog and toad at the breeding season.. 
It would seem, with. regard to the skeletal muscles of vertebrates, 


. that the maximal tension which the muscle ‘can maintain posturally' 


is distinctly less than the maximal tension which it can exert when 
. employed for executing movements, and that when tension above that 


required for ordinary postures is demanded ‘it is ‘obtained by the same, 


kind of contraction as that employed for movements: and that this 
latter kind of contraction cannot be long maintained owing to fatigue, 
whereas the kind of contraction maintaining: ordinary postures which 
require less tension can be long maintained without fatigue. 

"The third feature characteristic of postural contraction is ‘its relative 
unfatiguability. The unfatiguability is. often extraordinarily great. 
The postural contraction of the extensors of the limbs in the 
decerebrate cat may persist not. only ὑπ ows, but for days. I have 
‘seen it continued as far as my ofbportuhitids.for observing it went, 
apparently without complete intermission for si? days. . The extremely 
powerful embrace-postüre of the nhale toad contitues without remission 
for many hours. The postural contraction of th? muscle which keeps 
the shell of pecten shut was observed by Parnas [80] to withstand a 
load of 3 kilos, in addition to the pull of the elastic ligament which 
opens the shell, for thrée ho Απ oyster rem ved from the water 






will: keep its shell.valves closed against the spring of the elastic ligament ΄ 
for thirty days on end. : The' resistance to fatigue exhibited by the, 


muscles in cataleptic postures is well known, f 
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It may be argued that the mild intensity of the contraction maintain- 
ing posture is the explanation of this relative immunity from fatigue 
exhibited by postural as compared with ordinary contraction. But, 
as some of the above instances show, the intensity of the postural 
contraction if gauged by the load which the contracted muscle can 
counteract is sometimes not slight. 

There is another possible, and probable, reason for the unfatiguability 
of postural contraction. A skeletal muscle when at rest, that is, when 
it 1s not being stimulated, exhibits a certain length. It is extensile 
and elastic; when loaded with different weights it has under each 
weight, over & certain range, one definite length; as the weights are 
changed its length changes from that proper to one weight to that 
proper to another. The tensile strain of the muscle varies proportion- 
ately with the weight, so that we may say that each particular grade 
of tensile strain gives the muscle a particular length. When the muscle 
is stimulated it assumes a different and shorter form. But its tensile 
strain and its length are still related; over a considerable range of 
weights and strains the length of the contracting muscle is longer under 
a. heavy load than under a lighter one. Further, for the muscle to 
assume by contraction any particular degree of shortness the excitation 
has to be stronger when the load is greater than when the load is less. 
So that tension here is the measure of the intensity of action of the 
muscle. Other measures of the intensity of activity of the muscle are 
(1) the amounts of mechanical work and heat produced by the muscle, 
and (2) the amount of chemical change undergone by it. 

A single stimulus, that is to say, a stimulus such as a single induc- 
tion shock applied to a motor nerve, which evokes a single nervous 
impulse as it is known to do, causes a muscle to contract with that 
brief contraction called technically a twitch. The usual view of the 
nature of any contraction lasting longer than that is that it 1s due to 
further ensuing stimuli which cause further similar twitches, and that 
these latter fuse with he precurtent one. The twitch is a process 
considerably open energy; the energy appearing in the form 
of mechanical work/and heat, and coming from chemical compounds 
degraded in the pro&ess of contraction. With a fused series of twitches, 
a tetanic contraction, the muscle usually shortens against some load till 
it reaches a certain grade of shortening, and this grade of shortness is 
then, within imi maintained so long as the stimuli continue to be 
applied. Then, bn withdrawal of the stimuli, the muscle lengthens 
under the pull of' the load, returning to its original resting length. In 
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such a case it is, of course, only in the early part of the tetanic action— 
that is, when the load is- actually being moved—that work in the 
mechanical sense is performed. When the actual moving of the load 
ceases, and the load is merely being retained in the new position into 
which it has been hfted, the muscle, although’ counteracting the load, 
is doing no work in the mechanical sense. In the former period of 
the tetanic contraction the muscle does external work; in the latter ıb 
does no external work. But this latter “static” period of the con- 
traction is nevertheless expensive of muscular energy. The muscle 
continues to exhibit a considerable turnover of energy. It is then, it 
18 true, playing a róle which is merely that of an elastic band or hga- 
ment, not inexpensively, however, as to energy-cost and metabolism, 88 & 
ligament would, but at the cost of considerable energy transformations. 
The muscle, however, offers the advantage of supplying an elastic 
structure which can modify its length and elasticity according as this 
or that purpose is required of it. The determination of the amount 
of the energy-turnover in tetanised muscle thus acting statically can be 
. estimated by measurement of the heat production or of the oxidation 

products. Such observations (Bernstein and Pober, Johannson) show 
that the energy-cost increases with the load which the contraction 
counteracts, and its increments increase more quickly than the incre- 
ments of load. Also that the energy-cost per unit of time per kilo of 
load increases as the period of the contraction is prolonged. Further, 
in the Stockholm laboratory, it was found that the energy-cost increases 
rapidly with increase of the degree of shortening which the contracting 
muscle maintains. 

As to the actual figure to which the oat d in a typical example works 
out, Parnas, on the basis of a table of results by Johannson and Korsen, 
arrives at the following for the flexors of the elbow in man; 2'5 mg. 
CO, per second for a 49 kılo load, and 88 mg. CO, per second for a 
160 kilo load. Such a cost accords with the view that the muscle, in 
thus supporting a load which 1t has “fied; 18 eqntinuing & process essen- 
tially the same as that underlying the hfting period when external work 
is done; in short, that it is continuing in an additive way essentially 
the same process as that underlying the twitch, it is not surprising 
hat such a process should entail, when prolonged, rálatively rapid signs 
of exhaustion or fatigue. 

But when we turn tó inquire the energy-cost of \some postures as 
measured by the chemical amount of oxidation products which they 
entail and by the less measurable but perheps equally Significant speed 
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of onset of signs of ensuent fatigue we find a discrepancy between the 
cost of these postures and that of prolonged ordinary tetanic contraction. 
Parnas, as the result of experiments on the postural action of the 
adductor of the shell of molluscs above described, shows that a weight 
cam be supported by the muscle acting posturally with only a trifling 
increase of the oxygen intake or carbon dioxide output. He calculates 
the amount of CO, which would be given off by a frog’s muscle 
ho.ding up by tetanic contraction the same weight for the same time. 
He concludes that 10,000 times more energy will be expended by the 
frcg’s tetanically acting muscle than by the molluscan muscle acting 
posturally. According to him the experiment of Johannson and Koraen 
reckoned for a load of 3 ko gives a cost of 408 mg. O, per hour; 
whereas with pecten he found where the adductor supported 3 kilo the 
consumption of O, per hour was 0'008 mg. It has to be remembered 
that the mass of muscle concerned in the human case was very much 
greater than in the case of pecten, although that in some ways only 
'mekes the contrast the, more remarkable. The factors involved in the 
comiparison are, it must be admittéd, extremely difficult to assess. 

H. Meyer and Alfred Fróhhch [22] noted that the enduring contrac- 
tioa produced by tetanus bacillus involves an extremely low metabolism, 
the glycogen content. even increasing in the rigid muscles. 

Roaf made observations on the CO, output of the decerebrate cat 
ducing prolonged postural rigidity of its "standing " musculature. He 
focnd the CO, output in this condition not detectably greater than 
du:ing complete muscular paralysis by curare. Bayliss also has found 
the chemical turnover accompanying tonic contraction of skeletal 
muscles extremely low, although distinctly above that of the muscles 
wken at rest. i 

The facts tend to show that in many cases postural contraction 18 
astonishingly economically maintained; that the turnover of chemical 
energy involved by it is extremely low. In such cases its relative 
unfatiguability may well be related to its economy of maintenance. So 
strikingly does this aspect of it contrast with the expense of mainten- 
anze and the relatively rapid fatiguability of ordinary tetanic contraction 
as to suggest that the chemico-physical process underlying posiural 
contraction is in part at least essentially other than that underlying 
twitch contraction, and the fusion of twitch contractions termed tetanic 
contraction. g 

The supposition has been put forward that in maintaining this 
economical postural contraction the muscle-fibre, or some part of it, 
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clots, changes from sol to gel. For instance, that with pecten, the 
glassy adductor, the postural adductor, when, under the approximation. 
of its attachment ‘points, as the valves near each other by the action 
of the movement muscle, it has become shorter and thicker, “ clots,” 
changes to a gel, becomes semisolid, retaining tnat configuration which 
it had at the moment when it entered into the solid phase. The 
posture of closure of the shell valves is then maintained, without 
further expenditure of energy, by the mere elasticity of this new-formed 
solid connexion between them. The clot or gel it must be supposed 
can be dissolved by nervous influence reaching the muscle. When 
this happens the contents of the muscle-fibres melt again and the 
muscle relaxes, the shell valves opening apart under the pull of their 
elastic ligament. On this view evidently one of the nerves supplied to 
the postural adductor can cause the contents of its muscle-fibres to gel, 
to solidify ; another of its nerves can cause it to unclot. 

And the postural adductor can also contract in the sense that 16 can 
shorten itself; but this shortening proceeds more sluggishly than does 
that of the movement adduction, whose fibres are striated. 

Such a view is easily applicable to visceral muscle such as vesical 
and gastric, and to that of the blood-vessel wall. In extending it to 
vertebrate skeletal muscle points of modification would be the 
following :— 

In them postural contraction, just like other contraction, is under 
natural circumstances only present in response to nervous impulses 
reaching the muscle from the motor, neuron. A number of observa- 
tions show that.in postural contraction the muscle exhibits action- 
currents succeeding each other at rates varying with different 
muscles and under different circumstances from 40 per second to 80 
or 90 per second. The maintenance of a gel state would, on the 
assumption that it underlies postural contraction, depend, therefore, 
on the receipt of nervous impulses, without which the’ particular part 
of the muscle-fibre which has solidified reverts to the fluid phase 
practically at once. And to these muscles no peripheral nerve-fibre 
is distributed stimulation of which unclots the muscle; the postural 
contraction in them can be readily suppressed by nervous action; m 
terms of the hypothesis they can be readily and at once unclotted by 
‘nervous action, but that is always brought about by suppressing the 
motor neuron discharge that is necessary for the maintenance of the 
gel. The resolution of the gel is therefore effected indirectly by afferent 

‘nerve-fibres, or connector nerve-fibres from other nerve-centres, which 
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inhibit the motor neurons which promote and maintain the gel. Also, 
since vertebrate skeletal muscles are obviously capable both of executing 
movements and maintaining postures, the question arises, in following 
the hypothesis, are some of the fibres of the muscle specialized for 
postural contraction and others for non-postural contraction ? Do some 
solidify under nervous influence and some contract? Or do some or 
all of the individual fibres possess in themselves both mechanisms, 8 
mechanism for ordinary contraction and a mechanism for resisting 
tensile strain by becoming semisolid? There is the theory developed 
by Botazzi that in the muscle-fibre the sarcostyles are the contractile 
mechanism, and the sarcoplasm the tonic mechanism, or, as I would 
prefer to say, the postural mechanism. On the view now discussed the 
sarcoplasm therefore would be the coagulable or solidifiable element. 
The two diseased conditions, congenital myotonia and myasthenia 
gravis, suggest forcibly that the functional mechanical activity of 
muscle is twofold in nature, tonic and non-tonic, postural and non- 
postural. Farquhar Buzzard [8] has treated of the applications of the 
. “functional duality’’ theories of Gritzner and Botazzi to clinical 
phenomena and problems, and has shown how full of suggestion such 
& theme can be made. And it may be recalled that Perroncito [38] 
(1902) asserts the presence of two kinds of motor-endings in the 
striped muscle, one the well-known motor-plates of medullate nerve- 
fibres, the other an ending belonging to non-medullate nerve-fibres 
reaching the muscle; and Boeke [4] confirms such a view. Mosso 
[25] (1905) put forward the suggestion that the latter endings are 
tor tonic contraction and from the sympathic. De Boer has recently 
ascribed the Brondgeest phenomenon of the tonus of the flexors of 
the frog as due to severance of sympathetic fibres passing through the 
sciatic nérve-roots, and suggests that the cerebrospinal motor nerves 
control the carbohydrate metabolism, the sympathetic the protein (tonus) 
metabolism of the muscle. Pekelharing [31, 32] has indeed shown 
that prolonged tonic action of the skeletal muscles, as in the reflex 
" standing" of the decerebrate cat, is accompanied by an increase οἱ 
creatin in muscle and creatinin output. 

Even where, as in Pecten and Echinus, the muscle-cells for movement 
contraction and postural action are so specifically differentiated, 
the view does not necessarily imply that the process of contraction in 
them is wholly different. Though the twitch contraction of a frog's 
muscle isotonically recorded retains its new and shortened form hardly 
at all, the twitch of a tortoise muscle retains it for a fifth of a second. 


^ 


LN E ORIGINAL  ARTIOLES AND CLINICAL CASES. 


. In-thë switch of the bladdar muscle it is “retained for σοι, 
Such authorities as Fick and Hermann have suggested analogy be 
© the contracted state of rigor mortis, known to be due to. clotting 
wiuscle-fibrés, and the contracted state in ‘the twitch and in t 
contraction.” Such considerations indicate that what in. postural ] 
|" is a long enduring clot phase may also be present in | moverent ; 
' though in these as a very.brief phase. ' 
.:Biedermann [3] . (1904) . wrote + “ Tonus of muscle is.& 8 
Sidadas ‘shortness. which. only in part depends on. enduring exc 
: by nervous centres, and for ‘its other part is produced by those 
procésses in contracted muscle which otherwise cause relaxatic 
g τς lengthening, being either. not at all or only incompletely present fi 
E > ‘the alterations brought about in the muscle by the precurrent i exciti 
. Parnas [30] (1910), after criticizing the want of clearness often t 
‘ing: to the: conception of tonus:—he excepts, however, Bieder 
above quoted senterice—offer& the following : Tonus. is every stat 
‘state of a normal muscle i in which for each ‘given "length—less th: 
longest occurring in the unstretched muscle—the turnover’ of « 
is independent of the Íoàd., Tonus muscles are those muscles 
throughout the whole range: of lengths, which extends betwe 
- _ longest and the shortest lengths occurring physiologically; can 1 
- at'one unaltered length both when under tension (loaded) or not 
tension, and maintain that length without increasing their energy 
over. . He proposes length as a measure of tonus, thus, if L isthe 
` of ας muscle in its shortest tonic length, andl. its tonic len 


B D 
observed on, a particular occasion, T is the measure of the tonus 


. that time. Thus if κας be 90 mm. long at shortest 8 
tonic length, ata given time'is 35, ὃς = $ T. 

' ÜThese.définitions are of interest here , because they atten 
describe & kind of activity of muscle, unlike that usually ac 
-as the universally typical ‘one, namely, the’ tetanic contractio) 
‘duced. by faradizing the muscle or its motor nerve. The naiv 
of postural action would regard it as a mild degree: of ot 
Z tetanic contraction. ‘ It has been the: object: óf the present art 
put forward and examine the suggestion that the kind of acti’ 

. musclé which the above definitions attempt to describe is-that of : 

, , when: functioning’ in posture, . and .that it- extends "not only. 
ο rposturing of the skeletal musculature’ but to that of the viscer 
τ musculature as well. . A primé feature of this — 


fad 


POSTURAL ACTIVITY OF. MUSCLE AND NERVE 233 


largely disconnected one from the other, and that any required 
shortened form of the muscle may be maintained with much greater 
economy of metabolism than in ordinary tetanic contraction, and 
with great relative freedom from fatigue. 

In & previous contribution to this Journal (1906) [37] an outline 
was attempted of what was there termed the proprioceptive division 
-of the nervous system. That division, ıt was shown, has distinctive 
féatures anatomical and functional, rendering advisable its consideration 
as a mechanism with peculiarities sufficiently its own to warrant its 
being dealt with broadly as an entity by itself. The postural action 
of muscles and nerves, the subject of the present paper, is a main 
outcome of the functioning of the proprioceptive part of the nervous 
system, at least it is so as regards the skeletal musculature, perhaps as 
regards the visceral and vascular musculature also. Reflex maintenance 
and adjustment of posture is a chief portion of the reflex work of the 
proprioceptive system, just as sensation of and perception of posture ii 18 
a chief portion of the psychical ον, of that system. 
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CHAPTER I.— THE Αποπιό MUSCLE. 


(4) The Load Variable. 


These researches are based upon the conception of a simple pro- 
prioceptive reflex are upon which ihe tonus depends. As soon as this 
are is broken the muscle becomes atonic. ' My experiments on the 
&tonic muscle have only been ‘made with the M. gastrocnemius 
of the frog. In the beginning I cut through the motor nerve, but 
because it was not excluded that motor fibres might also enter the 
muscle with the. blood-vessels, I took the muscle entirely out of the 
body and. suspended it in & moist chamber. When the muscle is not 
E compelled to do active work and the experiment does not last too long, 
the suppression of the blood circulation seems to have no. sensible 
` influence’ upon, the elastic properties of the frog’s muscle. 

The units adopted in this part of the research are: 1 second as 
the unit of time [τ]; Yo mm. as the unit of length [L, I]. The 
enlargement by the lever of the Peak wees amounted to 5°65, so 
that the real unit of length is ;4; mm.; I gramme as the unit of 
weight. "The derived quantities are: The. τ AU in length of the 


muscle ' per gramme increase of the load [55 1 only use this 
quantity under the condition that the elastic pour ee is 
eliminated, in which case [55] represents the elasticity of the 


[NE woe : : L 
muscle; the increment in length of the muscle per second [ΞΞ : 
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when Hà load is NEN or the; λα of the variation of hs jug 


s. | the quantity. GS red represents - ‘the after- lengthening or the after-. 
e shortening of the muscle. Because’ only plastic bodies show these after.” 
a phenoirena, I propose ‘to corisidér ihe. quantity aa ah &- “measure : 


ο οἱ plasticity, but thé after-phenomenon poama, to me the τ gapi 
Oy and niost valuable." d a 


upon. -the value, ‘of this quantity, i is eliminated.: Under these conditions 


‘of, the Plasticity of. thè muscle.. There are, of ‘course, other ‘criteria T 


Elasticity and plasticity are allied phenomena, but day “differ in το 


3: .. many.fundamental respects. Elasticity may ‘be defined 88 momentaty 7 


^ 


^a 





ENS ` Fra. i. —Reprodvotion of the boeing ‘of the extension « curve eof periment L ; 
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n -&ppears. entirely" with the removal cf the stress; plasticity i i8 an irre- 
a4 versible one. After & prolonged stress the. body does not. return td 
ΠΗ original state, ;but tends to' Β΄ state différent from the first. ' The.. 

‘variation induced in the body is’ therefore a permanent) deformation. 
"s "The Property of RRONTIG definite Jonmanent. dez μις να the 


TY 


- 


a ot. Noyóns, AR K. M., in ‘his dissertation E oe åen à Autoicnus dor piran d 1908.. 
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y yielding: to a adde stress, plasticity. as” abe “yielding | to" Β΄ μας ος : 
. stress.’ “Elasticity is a reversible’ phenotnenon, because the ‘strain dis? ji 
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influence of external forces of a certain finite duration is the chief 
criterion of plastic bodies [88]. 

Experiment 1, November 9, 1904.—In this experiment the M. gas- 
trocnemius was cut out of the body at 12.10 p.m., suspended in the 
moist chamber and charged with 2'5 grm. The length of the muscle 
under this load was 32cm. At 12.15 p.m. this load was abruptly in- 
creased by 22 grm. In consequence of this increase of the load the 
muscle lengthened, but the surcharge was Immediately taken away. At 
this moment the muscle shortened and returned to its original length. 
. The return to the original length under these conditions was also 
observed by Blix [1]. The elasticity of the muscle amounted in this 


3 





Sec 1 yo 0 
Fic. 2 —Reproduction of the beginning of the unloading curve of Experiment 1 


case to 4°55. Again the charge.of the muscle was increased by 22 grm., 
but now this surcharge was left on the muscle for 614 minutes. Then the 
surcharge was taken away. Table I gives the result of this expermmey 
After a sudden elongation of about 109 units, the muscle con 
to lengthen, and after 512 minutes this after-lengthening 

finished. Figure 1 is the reproduction of the beginning of the 
and we see that the initial elongation passes continuously 
lengthening. For this reason it is not possible to d 
accuracy the elastic elongation, and hence I choose the & 
0 + ε, e signifying a short, not quite determined interval of ti 
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the’ same reason a mark of interrogation: is ¿placed behind the first: 

number (109) in the second row. This: notation: indicates that in: 

' & short interval: of time ($ ‘an elongation takes place’ of 109: units; 

and that this- elongation is approximately : the elastic lengthening of . 

the muscle under the influence of the surcharge of 22, grm. Fig. 2° 

reproduces the unloading of the muscle from the surcharge, and we see 

^ that’here also the sudden horlening continously PR into the 
after-shortening.: 

.In the third row of Table.I, I give. ander. [251 ilis ες. of ` 


the: ‘muscle. We notice that under the. influence of the surcharge the 
plasticity diminishes, but even after 51 minutes the after- -lengthening 
is still going on. . The same thing happens after the unloading of the 
muscle. In Tables II and III, two other experiments of the same kind . 
ate reproduced. We conclude from these experiments that an atonic 
musole, loaded with a moderate weight (20 to 90 grm.), does not reach a 
definite. length even in about one hour, but: continues : ‘lengthening and , 
tends finally to a state of rest. ' This state. of rest, as I will show later, 
ie-p general only a state of apparent equilibrium. It ensues, therefore, 
from ‘this simple experiment that the length of the atonic ‘muscle is not 
entirely determined by. the load. The experiment proves further that , 
after the surcharge i is.taken away the muscle returns to & length greater. 
than before. 
. Table II contains for this“ purposs an P which shows < 
- that even five and a half hours after the unloading the musele would 
not have recoveréd. its’ original length. ‘We conclude from this ' 
observation that ‘a ‘continued. pull exercised by a moderate ‘weight 
suspended on the tendon of α΄ muscle produces $n that ID a 
permanent deformation.) 
. In. the fourth row I give the quantity [ἐν x 7], i.e., the plastioity ' 


multiplied into the .time elapsed since the moment’ of' loading or” 
unloading. Within the limits of experimental -error this’ quantity is 
constant. We conclude from this fact that -the after- -lengthening and 
fter-shor tening are directly propor tionate to ‘the logarithm of the : 
we take as zero of time the moment immediately: preceding 
ing or unloading of the atonic muscle. “I found this relation 
ently, of thé work of Percy Phillips [37], who some years 
d the-same rule to hold. good for the αμ 
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. ilar result m Διαίῳ sont comme le plomb et Je beurre qui, 
. 68, conservent indéfiniment lempremte qu'ils ont reçu ” [88] ΄ 
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Experiment 4, November 15,'1904.—In this experiment the 
Μ. gastrocnemius was taken out of thé body at 10. 10 a.m., and sus- 
pended in the moist chamber at 10.15 a.m., loaded with 18 grm. Under 
. these conditions thé length of the muscle was 3°2 cm. ; the experiment 
began at 10.82 am. The régime of this πα, is the following: 
A light weight-pan of about 18 grm. was fastened to the muscle; in 
this pan mercury may flow in and out at.a constant rate, and in 
this way 8 ος ‘rising pna | falling vof: the load was attained. 





oop B 30 αρ 60 


Fia; 8.—Length- load diagram of aoe 4. 


In the third’ row of, Table IV the rate of. increase and decrease of the 
weight.is given in grammes per minute. During the course of the 
experiment the rate of increase, as well as the rate of decrease, varied 
a little, but these deviations from constancy donot visibly influence the 
form and the direction of the curves. The duration of: the inflow is 
Bix minutes, and that of the outflow is three minutes.. The total period 


of nine minutes is usually called a. cyclé, and ad variation of the load 
BRAIN— VOL, xxiv. ᾽ s 16 
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during that interval of time a cyclical variation. Because the outflow 
does not’ exactly, compensate the inflow, there is'at the end of each cycle 
a surplus. In that case we speak of non-closed cycles. The régime 18 
therefore one of non-closed cyclical variations of the load. 

.Fig. 8 is the graphic representation.of tiis experiment. Each’ 
cycle is composed of a rising, and a falling load curve, agreeing 
respectively with & phase of increasing and. decreasing load. As a 
general result we find that the falling curve lies above the rising curve 
of the same cycle. The meaning of this result is that the increasing : 
load has not only provoked an elastic elongation, but also a plastic 
deformation of the muscle. The same fact we notice if we compare 
a falling curve with a rising one of the next cycle. These two-curves 
have only one common point, viz., the first two cycles or the curves 
form a loop. If the phenomenon was only an elastic one, it would be, 
reversible, and the two curves should agree. Hence the formation of 
a loop proves that there is also an irreversible pert in the phenomenon, 
and this irreversible. part is the plastic deformation of the ee 
caused by the cyclical variation ‘of the load. a 

Experiment 5, November 16, 1904; is of tha same kind (Table V, 
fig. 4). ` It shows that even after twenty cyclicel variations of the load 
the plastic deformation is still going on: We conclude, therefore, that 
a cyclical variation of the load produces in the atonio muscle a deforma- 
tion, and that this. deformation, according to tts plastic nature, is at least 
partly a permanent one. 

We may arrive at the samé conclusión in 8 somewhat different way. 
If we draw a vertical line in figs. 3 and 4, this line, if it cuts the 
tracing at all, cuts the curve generally in mors than one point; the 
same happens if we draw & horizontal line. Eecause along a vertical 
line the load is constant, and along. a horizontal line the length’ is 
invariable, we conclude that the length of the atonic muscle is not 
entirely determined by the load, and inversely taat a certain load does | 
not necessarily agree with a fixed length. In cther words, the length - 
of the muscle is partly determined by the plastic deformation produced 
by the load, and the amount of this deformatior. depends upon the way 
, the load reached its actual value. Systeme. of this kind are usually 
‘called systems endowed with hysteresis, and the phenomenon, that the 
state of these systems is not ρε limited by external forces, is- called 
‘hysteresis. ' ἓ 

Fig. 4 presents another feature of. some inzerest. It shows that 
the loops, from nearly vertical in the begins take on a more and 
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lifting of the load. It follows from this table that the load lifted 
influences the value of this constant. In order to demonstrate this 
influence, T divided the mean value of the constant of plasticity in 
. each. interval succeeding the lifting of ..& weight by the yas of 


the weight taken away. The fourth row "of Table VIL Ea T> d 
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Fig. 6.—Graphie representation of the results of Experiment 7. The reduced constant 
of plasticity ag æ function of the charge of the muscle during each period of after-lengtbening 
(AA curve), and during each period of aftar-shortening (BB curve). 


gives these values. In fig. 5 I plotted the value of this constant against 
the charge of the muscle during each period of after-shortening. The 
curve which ensues is symmetrical in respect to the axis AA and 
resembles ‘a hyperbola. : 
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‘Experiment 7 (Fables VII, I3) is of the game kind, but in that case 
I observed the after-lengthening. of the muscle after each increment of 
the load, as well. as the after-shortening after each successive lift: 
Fig: 6 is the graphic representation of the results óf the experi- 
méhís. The arrows along the curves ‘show the direction in which: 
the load was varied. Each of the two éurves is symmetrical, but the 
axis of symmetry of the two tracings do not coincide. Both curves 
resemble a hyperbola. The curve AA, corresponding to the successive 
loading of the muscle, lies above the curve of the discharging (BB), 
which proves that the charging and discharging per saltim of the 
muscle also produces in the muscle &' plastic deformation. The more 
special conclusions which might be drawn from these experiments are; 
of physical rather than of physiological interest. I conclude, therefore, 
only that the value of the constant of plasticity depends as much upon - 
the charge of the. muscle as a whole as upon the load which is added — 
or lifted. ` 

The régime of Experiments 8 and 9 consists in successive series of 
cyclical variations of the load. 

' Experiment 8, November 90, 1904 (Table X).—The muscle was taken 
out of the body at 12.40 p.m., suspended in the moist chamber, and 
charged with 3°65 grm. "The length of the muscle under this initial, 
charge was 8 cm. At 1.11 p.m. the lodd, was augmented with 10 grm. 
The lengthening of the muscle was observed for about twenty minutes. 

. The.mean value of the constant of plasticity during. that interval 
amounted to 419. : Now the weight of 10 grm. was carefully, and with- 
out shocks, removed from the weight-pan and immediately-replaced in the 
same way. This procedure means a quick variation of the load from’ 
(8:65 + 10) > 8:66, and again from 3°65 2- (8:65 - 10). ‘This cyclical 
variation of the weight was. repeated five times in succession; the. 


- time, necessary for the performance of these, five cyclical variations of 


thé load was about one minute. By these five cyclical variations the 
after-lengthening ‘is set up, but. this effect quickly dies away. If we 
take as the zero ‘of time the moment immediately before the last 
cyclical variation, was.terminated, we find for the constant of plasticity 
the mean value 119. -A new series of five cyclical variations again 
activated the after-phenomenon, but the. constant of plasticity is 
only 0°75.. Thé general result is now ‘that each series of: cyclical 
| variations. of the load exalts the afier-lengthening for, a short while,. 
but, that the constant of plasticity decreases regularly after cach series. 
Fig. 7 is the graphic ae of Experiment 8. ' Along ihe , 


£ 
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abscissa I placed the ordinal number of the series of cyclical variations; 
1 means, therefore, the first series; 2 the second series of five cyclical 
variations of the load, and so on. Because the cyclical variations were 


^ 


12 









. 00 > 
,N9 1 2 3 4 5 6 7 
Fra. 7.— Graphio representation of the result of E 


The constent of plasticity as a-function of’ the ordin 
the series of cyclical variations of the load. 
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that ‘the effect of a series of cyclical variations of the load. quickly . 
diminishes, and that probably the effect of the sixth or seventh series 
would be nil. ‘Successive series of cyclical variations, therefore, lead 
.to a state of rest. The next experiment will prove that this ae of 
rest is not a' state of true equilibrium. 

Eizperiment Ὁ (Table XI) is of the same kind. The surcharge 
amounted in this experiment to 90 grm. The régime was not ‘uniform 
throughout, but after three series each of five cyclical variations followed 
two other series of ten cyclical variations. Fig. 8 reproduces the . 
‘result of the experiment in the same manner as fig. 7. The five 
points representing the five series of cyclical variations do not lie upon 
the same straight line, but belong to two different lines. The effect 
series of cyclical variations, therefore, depends not only upon the . 
ich is:varied, but also upon the number of cyclical variations ` 
The lines converge, but.do not cut the abscissa in the 
e final state reached through successive series of 
f the same load, therefore, are not states of time 
> were the case,^the lines ought to converge to a 
bscissa. We conclude; therefore, that the final 
muscle under the infiuence of a constant load ^ 
iquilibriuwm, and that under-the influence of 
f that load the muscle approaches slowly to 
The length of the muscle in a piate E 
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increased. This increment, however, was very considerable for the last 
period.: ‘The load was constant during the experiment, and not lifted ; 
hence it is possible to determine the after-elongation during the period of 
vibration. The broken line in fig. 9 represents the effect of the vibrations 
upon.the value of the plasticity. In reality the line will be fluent, and 
‘not broken, but ταῦ determinations of the value of [42] are too scanty 
to fix more exactly the character of the line. Zigzag lines indicate in 





Fra. 9.—Graphic representation of the effect of vibrations upon the value of 
the plasticity. 


, 
- 
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fig. 9 the moment the muscle was put into vibration; fig. 10 is 
the reproduction of the graphic records of the second and of the fifth 
groups of vibration. uM 

The experiment proves that the muscle is extremely susceptible to 
vibrations, especially’ at the beginning of the after-lengthening, and that 
the effect of each period of vibration quickly diminishes. Only the 
last set of vibrations is followed by a somewhat greater effect. This 
increment of the effect, however, is caused by a strong increase of the 
amplitude and of the duration of the vibrations. This experiment is of 
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interest, because it elucidates the cases in which I found at some given 
: moment 8. constant of plasticity larger than would agree with the 
relation [57 x r= const.]. A close examination of the tracings in these 
cases always showed small vibrations. In the tables these vibrations 


are indicated by a zigzag line. The deviations here and there from the | 


simple logarithmic relation: are therefore caused by vibrations. We 


conclude from Experiment 10, and from the deviations in the experi- , 


ments already mentioned, that the most efficacious expedient, to set up 


the after-lengthening and to reduce the atonic muscle to its ultimate 7 


equilibriwm-length, is to put the muscle into. longitudinal vibration. 


MES 


The weight with which the muscle is loaded probably influences the : 


course of this process, in so far that the final length is more 5 ΠΒ 
| reached NOB a moderate load Ten with a light load. 





Fia. 10, A and B.—The effect of longitudinal vibrations upon the length of the atonio 
musoleo, Fig. A is the reproduction of the graphic record of the second group ‘of vibrations, 
and fig. B is the reproduction of the fifth group of vibrations. The enlargement is about 
ten times. ‘ 


The phenomena so far described only hold good for moderate 
charges., The upper limit for the frog’s gastrocnemius lies in the neigh- 


bourhood of about 70 grm. Το prove this I reproduce the beginning . 


of Experiment 11, December 29,1904 (Table XIII) The muscle was 
charged per saltim with 74'8 grm. In this case the quantity [25 x τ] 


was not constant but increased with the time. This means that the l 


after-lengthening did not proceed according to the logarithmic rule, 
but more rapidly. The same phenomenon is shown by soft metallic 
wires, and in these cases the constant weight ends by rupturing the 
Wire.» ` 

In the next group of EEA I bave tried to eliminate the 


1 For dá analogy between the atonio muscle and soft metal wires see A. Morley pers 


G. A. Tomlinson, Philos. Mag. ., 1906, sixth series, vol. xi, p. 880; and E. Lenoble, ** Théses 


. de Bordeaux," 1900, No. 12. 
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after-phenomena. ` The methods adopted for this purpose are increasing 
and, decreasing the load as slowly as possible, or varying the load very 
rapidly and repeating this procedure ‘several times: In both cases the 
curves obtained are extension curves of the atonic muscle, and the 
difference lies only in the rate of increase or decrease of the weight. 

The régime of Ezperiment 12; October 31, 1904 (Table XIV) consisted 
in increasing the wéight as slowly as possible. In the third row of 
Table XÍV under [45] the increase of the load per second is given. 
I tried to establish a uniform rate, but, as will be geen from the table, 
this aim was not reached. The rate of.increase of the load fell from 
14 mg. to 4 mg. per second and then rose a little to 7 mg. The 
' influence of this deviation from the uniform rate upon the form of 
the tracing is probably not very considerable, because it took place 
smoothly and without shocks. After two hours the maximum charge 
of 72 grm. was attained, and from that moment the load was decreased. 
Very soon, however, the experiment was stopped, in consequence of 
«8, defect, in the apparatus. 

The chief result of this experiment ‘is, that the extension curve of 
the atonic muscle. is nearly rectilineal, i.e., that the increase in length 
of the muscle is approximately proportionate to the increment of the 
charge. The deviation from the simple law of proportionality of strain 
to stress resides in the beginning of the curve and disappears'towards - 
the end.’ Other experiments of the same group prove that the devia- 
tion ofthe extension curve from the straight line becomes more and 
more considerable by augmenting the rate of increase of the load. We 
conclude, therefore, that the extension curve of the atonic muscle is 
probably rectilineal when the rate of increase of the load is very smail, 
or more exactly, that the extension curve approaches to the straight 
line when the rate of increase of the load approaches the zero. 

The elasticity of the muscle determined from the beginning of the 
extension curve is 1:06. The determination of this quantity is approxi- 
mately possible, because in the beginning, when the load is very small, 
the after-elongation vanishes against the élastic elongation. It is also 
possible to determine the elasticity of the muscle from the end of the 
tracings, which is strictly rectilineal. The elasticity determined from 
that part of the curve amounts to 106, being the same as at the 
beginning, within the limits of experimental error. I conclude from 
this agreement that the elasticity.of the muscle is constant and that 
the deviation from the straight line in the beginning of the curve is 
caused by the after-phenomenon. The sixth row of Table XIV gives 
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the plasticity of the muscle, calculated upon this base. We see that 
under the given régime the plasticity of the muscle is very small in 
comparison with, the elasticity. In fig. 11 I plotted ‘the plasticity 
-against the time. The figure shows that at first the plasticity quickly 
increases, reaches & maximum, and then decreases.! 

Egzperiment 18. (Table. XV) is of the same kind. The mean in- 
crease of the load, however, was larger, viz., 27 mg. per > ‘second. The 
deviation from the^mean was not so considerable as in Experiment 19. - 
After three-quarters of an hour the maximum charge was reached, and 
from that moment'on the load decreased. The rate of ‘decrease of the 
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Fie. 11.—Graphio representation of the result of Experiment 12. ‘The plasticity as & 
ME function of the time. : 


load ‘was fairly constant in the ας but. slowly diminished towards 
the end of the experiment. Eighty-six ‘minutes. after the commence- 
ment of the experiment the muscle.was again under its initial charge. 
' from that moment onwards I observed the after-shortening: of the muscle 
for about bd minutes, and found that the relation expressed by the © 


formula [22 x 7 = const.] is not satisfied. . In this case the value of the 
constant first increases and then probably decreases. I found the same 
result in other experiments, so that the relation [55 x τς | const] only 
holds good when the time required for the loading and the unloading of 
` the musclé 48 small in dom ού with the time necessary for the whole. 


! The gàp in. the curve is caused by & slight diséontinuity i in the original tracing. 
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cyclical variation ; in other words, when the charging and discharging 
of the muscle takes place fairly quickly. 

The elasticity determined from the beginning and from the end of 
the extension curve amounts to 1°25. Fig. 12 represents graphically 
the plasticity of the muscle. This curve resembles closely the curve of 
fig. 11, but from the scale upon which the curve is drawn it follows that 
the plasticity is about double in this case. The unloading curve is in 
many respects similar to the extension curve. The elasticity, determined 
from the beginning of the unloading curve, amounts to but 0°18. This 
fact proves that the muscle has undergone & plastic deformation. The 
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Fig. 12.— Graphie representation of the result of Experiment 19. The plasticity as a 
function of the time during the loading of the muscle. 


plasticity curve (fig. 13), derived from the falling-load curve, resembles 
the plasticity curve of the rising-load tracing, but inverse. The arrow 
at the abscissa indicates the moment when the muscle is again under its 
initial charge. From that moment on the plasticity falls and then slowly 
slopes towards zero. Half an hour after the accomplishment of the 
cycle there is still an elongation of thirty-seven units. 

In the three last experiments the increase of the load took place 
quickly and uniformly, the rate of increase of the charge varying from 
about 3 to 0°6 grm. per second in the successive experiments. The 
unloading happened abruptly and in & somewhat irregular manner, so 
that the period immediately following the unloading was not suitable for 
measurement. The zero of time necessary for the determination of the 
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constant of plasticity is therefore a little uncertain, and also the length 
of the muscle immediately after the unloading. 

Experiment 14, December 20, 1904.—The muscle was cut out at 
10:06 a.m., and suspended in the moist chamber at 10'12 a.m. under 
an initial charge of 10°75 grm. Some minutes later the experiment 
commenced; it consisted of eleven cyclical variations of the load with 
equal intervals of about ten minutes. The rate of increase of the load 
was approximately 3 grm. per second, and the charging of the muscle 
took nearly twenty-five seconds. The muscle was left for about five 
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Fira. 18.—Graphio representation of the result of Experiment 18. The plasticity as a 
function of the time during the unloading of the muscle. 


seconds under the influence of the maximum charge and then abruptly 
unloaded. : 

At the moment when the muscle was under full and constant charge 
‘we may determine the amount of the after-lengthening per second, 
because undér these conditions the increase in length of the muscle 
is only due to the after-phenomenon. At the moment just before the 
maximum charge was attained we may determine the increment in length 
of the muscle provoked by the joint effect of the after-phenomenon and 
the increment of the charge. The difference between these two quan- , 


» 


ON MUSCLE TONUS 253 


‘tities gives approximately the puré elastic strain of the muscle at the 
end of the extension curve. The elasticity of the muscle may also be 
determined from the beginning of the extension curve, when the incre- 
ment of the load is small, and the after-lengthening therefore vanishes 
against the elastic elongation. In these experiments, too, the elasticity 
of the muscle, determined from the beginning and from the end of the 
tracing, i is always: the same within the limits of experimental error. We 
conclude, therefore, that in these experiments also, where the extension 
curve deviates considerably from the straight line, the deviation is caused 
by the after-phenomenon. The determination of the plasticity is based 
on this conclusion. 
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- Fie. 14.—Graphic representation of the result of Expen- 


ment 14. The ourve at the end of which the notation E: 
18 placed represents the elasticity of the muscle in the succes- 


aL 
sive eyoles. The curve af the end of which the notation ^ up 


is placed represents the plasticity of the muscle at the móment 
of the maximum charge. 


Tables XVI, XVII, and XVIII contain the measurements of the first, 
the sixth, and the tenth curves. Of the other curves of this series I give 
only the numerical results combined in Table XIX. The first row of this 
table contains the time necessary for the loading of the muscle in 
Seconds; the second row the rate of increase of the load in grammes per 
second; the third row the elasticity of the muscle; and the, fourth row 
the constant of plasticity during. the period of after-shortening. It is 
evident from this table that the régime was fairly the same in the eleven : 
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cycles. The variations in the elasticity and in the plasticity of the muscle 
in the.course of the experiment are therefore only due to the repetition 
‘of the cyclical variation of the.load. In figs.14 and 15, the results are 
plotted. The numbers along-the abscissa denote the successive cycles. ' 
. These numbers are placed equidistant because the cycles succeeded each 
,other with equal interes of time. The first curve (fig. 14), at thé end . 
' of which the notation ae is placed, represents the variation of the elas- 
ticity of the muscle in the successive cycles. We conclude from this 
graph that the elasticity of the muscle is increased by repeating the 
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Fig. 15.— Graphio representation of.the result of Experiment 14. The 
constant of ‘plasticity. during each ‘interval sneceeding a cyclical variation 
of the load. The numbers along the abscissa denote the successive cycles. 


cyclical —— of the load. It 18 evident fram the torn of the curve 
that this quantity approaches an upper limit. A rough extrapolation 
makes it probable that this limit lies in the neighbourhood of 1, and that - 
this limit would be attained after about 25 to 30 cycles. The second 
curve, marked [-- -], represents the plasticity of the muscle ‘exactly at. 


_ the moment when the maximum charge is arrived at. The meaning of 
this curve is to show that the area.-over which the after-elongation 
extends.narrows successively. Fig. 15 represents the constant of plas- 

‘ ticity during each interval succeeding a cyclical variation of the load. ' 
The points representing this’ quantity are all grouped along 8 straight 
line, as already found (Experiments 8 and’9). By extrapolating the 
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line it would cut the abscissa in the neighbourhood of Number 26. 
This means that after 26 cycles the muscle immediately after the 
unloading would reach its initial length. When this is the case, the 
after-phenomenon is eliminated. This extrapolation tends, therefore, 
to the same conclusion as the extrapolation of the curve of fig. 14, 
viz., that by repeating a rapid cyclical variation of the load the elastic 
after-phenomenon is reduéed in extent and in magnitude, and that prob- 
ably 25 to 80 cycles would suffice to eliminate the after-phenomenon. 
At that moment the elasticity is maximum and the muscle reduced to 
a purely elastic body. Brodie [18] arrived in a somewhat different way 
at 8 similar result. Fig. 16 is the reproduction of the plasticity, 
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Fia. Monde representation of the results of Experiment 14. The plasticity as a 
function of the ο during the loading of the muscle—first, sixth and tenth extension 
curves. 
deduced from the first, sixth and tenth extension curves. The tracings 
exhibit the same feature as those of figs. ll and 12. A comparison, 
however, of the scales shows that the plasticity is in this case about 
500 times larger than in Experiment 11, and that the time needed for 
the full development of the after-phenomenon is much smaller. Ἢ 
Experiment 15 is of the same nature as Experiment 14, but the 
rate of increase of the load is somewhat smaller. Table XX contains 
the chief results, and figs. 17 and 18, sre the graphs plotted in the 
same way as figs. 14 and 15. The extrapolation of the curve marked 


[45 of fig. 17 tends to the ‘conclusion that the upper limit to which 
the elasticity approaches lies in the neighbourhood of 0°75, and would 
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Fig. 17.—Graphic representation of the result of Experi- 
ment 16, The ourve at the end of which she notation 42 
is placed represents the'elasticity of the mugcle in the suoces- 
sive cycles. The ourve at the end of which the notation ΔΣ 

_ is placed represents the plasticity of the muscle at the moment 


‘of the maximum charge. 
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. Fig. 18.—Graplue representation of the result of Experi-. 
ment 15. The constant of plasticity during each interval 
succeeding & cycheal variation of the load, The numbers along 
the abscissa denote the successive cycles. - , » 
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be reached after 20 to 30 cycles; the extrapolation of the straight line 
of fig. 18 tends to the same conclusion. 5 

Experiment 16 is the last of this group. In this case the rate of 
increase of the load is still smaller, about 0°65 grm. per second. In 
- Table XXI the results are combined; figs. 19 and 20 are the graphs. 


Extrapolation of the [45] curve proves that the upper limit of the 


elasticity lies probably between 0'75 and 1, and would be reached after 
20 to 25 cycles. The extrapolation of the straight hne of fig. 20 is 
in harmony with this. Fig. 21 is the reproduction of the plasticity 
curves, deduced from the first, third and eighth extension curves; these 
curves resemble closely those of fig. 16, but the scales are different. 
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Fig. 19.—Graphic representation of the result of Experi- 
ment 16. The curve at the end of which the notation 4 


AP 
18 placed represents the elasticity of the muscle in the succes- 


sive cycles. 'The curve at the end of which the notation an 4 
^T 
is placed reprosents the plasticity of the muscle at the moment 1 


of the maximum charge. 


It is evident from the comparison of the plasticity curves reproduced 
in figs. 11, 12, 16 and 21 that these curves resemble each other in 
their general features. The chief difference is in the scales upon 
which these tracings are drawn. A comparison of these scales proves 
that the plasticity increases when the rate of increase of the load grows 
larger. It is obvious that this result is inherent/ to the method I 
employed to measure the plasticity, and does not lie in the properties 
of the muscle. We conclude, therefore, that the atonic muscle at the 
moment it is cut out of the body is a very plastic body, but that physical 
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contrivances of different kinds, eg, continued pull, cyclicai 
of the load, vibration, £c., tend to eliminate the plasticity an 
the atonic muscle to a purely elastic body. 

Finally, I will try to formulate in clinical terms the res 
part of my researches. The muscle, as soon as it becon 
gradually increases in length. This increase is caused by the 
pull to which it is exposed by the tonus of its antagonis 
stretching to which it is subjected during movement, by the 
to which it is subjected during changes in posture of the body 
final length to which the muscle tends is probably identica 
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Fro. 20 — Graphic representation of the result of Expert- 
ment 16. The constant of plasticity during each interva 


à succeeding & cyclical variation of the load The numbers 


along the abscissa denote the successive cycles. 


post-mortem length. In consequence of its increased length 
hangs loose and flabby between its insertions; in displacing 1 
as a whole, to and fro across its length no active resista: 
Pressed between thumb and index the muscle feels solid, lik 
has not the softness of the tonic muscle. 

(B) The Temperature Variable. 


+ 


The influence of the temperature upon the length of 
muscle has often been studied, and after the classic expe 
Brodie and Richardson [14] and the more recent work of J 
and others, my own researches are only of subordinate intere 
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for these experiments the M. gastrocnemius of the frog. The muscle 
was cut out of the body and suspended in a small moist chamber. The 
moist chamber was surrounded by a closed mantle, in which two 
streams, one of cold’ water and. one of hot water, could circulate. In 
this way the temperature of the moist chamber was varied. Α thermo- 
meter was placed in the moist chamber, quite near the muscle, so that 
the fluid which kept the muscle wet formed a thin continued film round 
the muscle and the thermometer. The muscle was fastened to a length 
recorder, which registered the length of thé muscle upon a rotating 
drum, upon which the time was also recorded. Every minute I noted 
the temperature of the thermometer in contact with the muscle. The 
curves recorded in this way are by intermediation of the time length- 
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Fra. 21.—Graphic representation of the results of Experiment 16. The plasticity as 
a fanotion of the time during the loading of the muscle—first, third and eighth extension 
curve. ᾿ 


` temperature diagrams. This method is rather rough, and the construc- 
tion of the thermostat too simple to give very exact results, but for 
my purpose it was sufficient. 

The units adopted in this part of the researches are: 1? C. as 
the unit of temperature [T] ; one minute as the unit of time [7] and 
1 mm. as the unit of length [L, 1]. The enlargement by ue length 
recorder amounted to 5 55, so that the real unit of length is z mm 


The increase in length of the muscle is considered 88 & positive variation 
of L [+], the decrease of the length as a negative one [ — ]. 


t 
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The aim of these experiments. was to. establish a condition: of 
uniformly varying temperature. The tables show that the condition of . 
uniformity is not fulfilled ; thè curves, howeyer, which I obtained are 
notwithstanding fairly regular. This result is only caused by the fact, 
that the influence of the rate of variation of the temperature is not very 
marked upon the form of the length-temperature diagram. On the 
other hand, there is a compensation factor, viz., that the muscle, as a 
whole, follows but slowly the ‘variation of the temperatare of ‘ the : 
ambient medium, 
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Έπα, 29, —Length-témperature diagram of Experiment 1. 


‘The muscle shortens in consequence of the increase of the tempera- 
ture, until a fitst maximum is reached.. This maximum lies in my - 
experiments in the neighbourhood of 45° C. Beyond this first 
maximum I have not extended: my experiments. D i i 

“Experiment 1, December 18, 1906.—The frog was killed at 9.45 a.m. ; ` 
at 10 a.m. the muscle was cut out, suspended in the moist chamber and 

. charged with 14'0 grm. The experiment began at 10.17 a.m., but 
` previously I performed ten cyclical variations with the load, partly to 
‘free the muscle from the after-phenomenon. It follows from Table XXII, 
which contains the result of the experiment, that by these cyclical 
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variations of the load the muscle is brought to a state of rest. More 
strictly speaking I ought to say. that the muscle has not come to a state 
of rest, but oscillates between very narrow and fied limits. The third 


row of Table XXII contains under [2] ihe rate of the variations 
of the temperature, ie. the increase or decrease of the temperature 


, per minute. The mean value of [47] during the interval 27? C. to 


| 


| 


4 


45° C. is about 0°3° 6, per minute. The thermic shortening of the 
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temperature diagram. In this case the curve is more flat and the S 
shape not quite so pronounced as in fig. 22. This result leads to 
the supposition that the rate of increase of the: temperature might 
influence the form of the length-temperature diagram. 

I tried to verify this supposition in the following way: First I took 
the left M. ga ^uemius of the frog and warmed the muscle rather 
slowly, then 1 '.& the right gastrocnemius and raised the temperature 
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curves of the Experiments 1 and 2. We conclude, therefore, that the 
rate of increase of the temperature influences the form of the length- 
temperature diagram. One might object to this experiment on the 

ound that the two. gastrocnemii of the same frog, though originally 
ual, are no longer alike at the moment of the experiment, because 
e ‘experiment with the second gastrocnemius always began one to 
two hours after the experiment with the first muscle. The experiment 
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Fia. 25. ας A, length- temperature diagram of Experiment 5. Ourve B, length- 
teniperature diagram of Prpernmont 6. 


shows, however, that in both cases the same, final length was attained. 
This fact is in favour of the view that the difference between the 
A and B curves is chiefly caused by the difference in the rate of 
increase of the temperature. 

The result at which we arrived may also be formulated in a some- 
what different manner. We may conclude that only the final state is 
fixed by the temperature of the muscle, but that the length of the muscle, 
at a moment intermediate between the beginning and the end of the 
shortening, is not merely determined by the temperature, but also by 
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the way in which this temperature is reached. Formulated in this 
manner, we can prove the results of the foregoing experiments by cyclical 
variations of the temperature. 

Haperiment T, December 1, 1906, is composed of three non-closed 
thermal cycles. The measurements of the original tracing are combined 
in Table XXVII, and the length-temperature diagram is reproduced in 
fig. 26. First the témperature is raised from 12°4° C. to 32° 5° G., with a 
mean, increment of 0°48°C. per minute. Then the temperature falls from 
89:5? C to 21:55 C., with a mean rate of decrease of 1:37? C. The rise 
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» 35 
Fig. 26.—Length-temperature diagram of Experiment 7. 


of the temperature is accompanied by 8 shortening of the muscle [rising 
curve], the fall of the temperature is followed by & lengthening of the 


l . muscle [falling curve]. In the first cycle the falling curve lies above 


the rising curve; this result is & general one, the falling curve always 
-lying above the preceding rising curve, and we conclude, therefore, that 
the increase of the temperature produces a shortening of the muscle, and 
that this shortening is partly permanent. B 
; “ The curve corresponding to the falling temperature is also Shaped, 
_ ‘but as the temperature at which. the reversion from rising to falling 
. temperature takes place becomes higher, the falling curve loses more , 
and more its S-shaped form;. at last the falling curve is nearly a 
horizontal line. This fact is illustrated by Experiment 8, where the 
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- Mints of the reversion of the temperature lie higher than in Experi- 
yent 7. We conclude, therefore, that the vise of the temperature 
` produces a gradually incr easing deformation of the muscle. 

The second thermal cycle of Experiment 7 is composed by an 
interval of increasing temperature from 21°5° C. to 38°5° C., with a 
mean. increment of 1:88? C. per minute. This interval of rising tem- 
‘perature is followed .by an interval of decreasing temperature from 
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Pia 37.—Length- ΤΗΝ diagram of Experiment 8. 


38-65 C» to 20° C., with a mean decrement of 1:56” C. The rising 
curve of the second cycle cuts the, falling ‘curve of the preceding cycle 
and forms a loop. 

The third: thermal. cycle begins with. an , interval of increasing 
temperature, from 20°5° C. to 844" C.,- followed by an interval of 
decreaging temperature, from 34:4? C. to 15° C. The mean value of 

` the variation, of the temperature during the rising interval is 1:40? C., 
during the falling i interval, OP c. per minute. The second loop forms 
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a peculiarity. This loop is incomplete. As soon as a temperature of 
21:7° C. is reached, the mugcle ceases. to lengthen, notwithstanding ihe: 
temperature falling further to 20°5° C. At that moment the third 
thermal cycle begins, and the temperature again increases. The muscle, 

however, remains at constant length until the temperature reaches 
29° C.; then a new period of shortening sets in. A part of the second 
loop, ᾿ Aierófore, cannot be realized, in consequence of the permanent ' 
thermal deformation of the muscle. 
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Fig. 28. INE temperature diagram of Experiment 9. 


Experiment 8 is of the same nature as Experiment 7. The points 
of reversion from rising to falling temperature, however, lie higher. 
Table XXIX contains the measurements, and fig. 27 18 the reproduction 
. of the length- -temperature diagram of this experiment. 

The last experiment ofthis kind is No. 9. It is composed by TE 
‘thermal cycles. The second, loop could not be realized, and the third 
' loop .hds a somewhat anomalous appearance. This is caused by the 
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- well-known fact that in the neighbourhood of the first maximum, 
increasing temperature may be accompanied by a lengthening of the 
muscle. Table XXX gives the measurements, fig. 28 1s the pertaining 
length-temperature diagram, and fig. 29 the original tracing. We 
conclude from these experiments that the length of the atonic muscle is 
“not entirely determined by its temperature, and inversely that a fized 
temperature does not agree with a determined length of the muscle. 
In other words, the length of the muscle is greatly determined 
by its physical and chemical deformation, and the amount of this 
deformation at a certain moment depends not only upon the actual 
temperature of the muscle, but also upon the way by which this 
temperature is reached, 


Myograph 





Fic. 29.—Reproduction of the myograph of Experiment 9. The enlargement 
is about 8/7 times. 


Finally, I combined in a table the quantities, which are of interest 
for the knowledge of the process of thermal shortening. Ten of my 
experiments were suitable for this purpose. For each of these quantities 
I determined the arithmetical mean of these ten observations. In this 
way I found that the thermal shortening of the frog’s gastrocnemius 
begins between 28°5° Ο. and 29° 5° C., that the first maximum of the 
shortening is reached 1n the neighbourhood of 46° C. and that the total 
amount of the shortening at that moment attains to 26 per cent. 

The question of the thermal coefficient of the muscle during the 
interval preceding the thermal shortening is much discussed. If we, 
define the tèrm “thermal coefficient " as the variation in length in wili- 
metres for 1? C. per centimetre length of the muscle I find :— 


1I used for these experiments Rana esctlonta, and the experiments were performed in 
winter. 
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op E DEC x 107? for the interval 1 Ο. to 27° g. 3 
[Expericient. L; “dated December 18, 1906.] 


: = 60 x10 for the interval 12-4? O. to 227° 0, : 
[Experinient- 7, dated December 1, 1906. 1 : 

= 84 x 1075 for the interval 0:85 0.—25:8° O. ΄ EU 
[Experiment 10, dated December 19, 1906.) + 


These observations proye that the thermal coefficient of the muscle 
is extremely small. In some experiments I-found the ‘phenomenon 
` described by Brodie and Richardson, viz., that the muscle during the 
interval of témperature below the temperature at which the thermal 
deformation is manifest, may lengthen in, consequence of & rise in: 
temperature. I observed this phenomenon ^in some cases in the 
neighbourhood of 20° C. In these cases, however, i$ was the after- 
lengthening, which was again activated by tlie rise of the temperature, 
_for I never saw the phenomenon when I previously eliminated, the after- 
phenomenon by cyclical variations .of the load. Moreover, the magni-' 
tude of the lengthening agreed with the lengthening caused by: the 
_after-phenomenon and was by no means of the order of magnitude of 
‘the thermal coefficient. We: conclüde, - therefore, that the thermal 
coeficient: of the atonic” muscle is ‘extremely. small within the limits of 
temperature which are of physiological. interest, or small variations of 
the temperature round the physiological. norm do not Hand Mifiuenas 
the length of the atonic ο 
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CHAPTER ἘΜ Torto MUSCLE. 


My researches on the abi A have proved that ‘the suisse 
possesses two fundamental properties, viz., elasticity and plasticity. 
The aim of this. second part of my investigation is to trace the róle 
which these two properties play -n the function of the tonic muscle. 
` Το that purpose, I make use of my experimental material of the years. 
, 1899, 1900 and 1901. A part of this material was published in Archw 
- für’ Physiologie, J ahrgang. 1901 and 1909, but the analysis given there 
was.incomplete. - > Tt. was the study of the atonic muscle which. enabled 
` me to analyse more ‘completely the function of the tonic muscle. The 
morphological researches of the ‘latter. years also contributed tó this 
result, since. ut . was demonstrated: by Boeke that striped muscle 
possesses ‘a double motor innervation. .He showed that the striped 
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muscle is not only innervated by the well-known axone of the motor cell 
of the anterior horn, but also ‘by a motor sympathetic fibre. This fact 
makes the ‘image of the simple proprioceptive reflex arc more compli- 
cated than it was before. For the sake of brevity and clearness I pro- 
pose to give first a scheme (fig. 30) of the proprioceptive reflex arc, in 
which are-incorporated the joint results of the morphological researches 
of Boeke [2], [3], [4], [5], [6] and of my own physiological 
investigations. l 











Ἔπα. '30.—Scheme of the proprioceptive 
place at which Brondgeest interrupted, th 
reflex arc; d.B, place where de Boer ji 
prioceptive reflex aro ; M, motor ce 

' M.S., sympathetic motor cell; .N.1 
along the edges of the pis aa d 
efferent E.c., 4f 
5 
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terminate in the motor end-plate-of the muscle-fibre, but according to 

the researches of Boeke does not really end there. Fine filaments leave 

‘the net of neurofibrils situated in the end-plate and run parallel to the- 

striped muscle-fibre. They in that way give off finest filaments at a 

right angle, which extend along the edge of the anisotropic disc, where 

they seem to end. It appears, therefore, that a very close connexion 

exists between the axone of the motor cell of the anterior horn and the 

striped apparatus of the muscle. - 

. The other of the two motor cells is a sympathetic cell. , The axone 

of this cell leaves the cord along the anterior root and passes over into 

the sympathetic chain by way of the grey ramus communicans. When 

this sympathetic fibre reaches the muscle, it. forms a non-myelinated 
sympathetic plexus, from which fine filaments enter the muscle-fibre. 

These, filaments end in fine nets of neurofibrils, which are embedded in 
all sarcoplasmatic end-plate. In general the sympathetic cell does 
in the same level as the motor cell of the anterior horn. It 
experinients of de Boer [7], [8], [9], and of Keere, 
d Naito [26] that the sympathetic cells are situated in 
art of the cord, and that. they belong to: the thoracic 
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blood-vessels were spared, so that the muscle remained in quite normal 
relation with its proprioceptive reflex arc. A light recipient was fixed 
to the tendon by means of a hook. A stream of mercury flowed in the 
recipient with constant velocity, so that the charge of the muscle 
increased uniformly with the time. As soon as the charge reached a 
certain maximum the inflow was stopped, and then after some seconds 
the muscle was unloaded abruptly. This experiment was repeated 
several times with approximately equal intervals. The experimental 
condition established in that way is therefore one of successive cyclical 
variations of the load. The variation of the length of the muscle under 
the influence of the varying load was recorded upon a rotating drum 
upon which the time was also noted. The curves obtained in this 
manner are extension curves of the tonic muscle.! 

The, experiment of making extension curves of the tonic muscle by 
means of & uniformly increasing weight is not as simple as it seems to 
be, for in the first place the weight acts as a purely physical factor, 
as a load that extends the muscle, but in the second place it acts as 
& physiological agent. The stretching of the muscle by means of the 
increasing weight forms an adequate stimulus for the proprioceptors 
of the muscle to which it answers with a slow contraction. The 
extension curve of the tonic muscle is therefore an extension curve, not 
of a resting muscle but of a contracting one. 

The fact that the tonic muscle, when stretched by an increasing 
weight, really contracts is demonstrated by the experiments of 
Buytendijk [15] and Samkow [39]. Buytendijk observed the action 
current of the tonic M. vastocrureus of the cat, and found that the 
intensity of this current augments, when the load attached on the 
tendon increases, till a certain maximum is attained. 

The units used in this part of the research are: 1 second as the 
unit of time [τ]; 1 cm. as the unit of length [L, 1] ; 1 grm. as the 
unit of weight [P, p]. 

The analysis of the extension curve of the tonic muscle is based 
upon the following considerations. The extension curve is by inter- 
mediation of the time a Jength-load diagram, i.e., the graphic record 
of the relation between the length of the’ tonic muscle and the load 
attached on its tendon. It is therefore possible to determine directly 
from those tracings the increase in length of the muscle per gramme 
increase of the load. This quantity I have defined, in my work 


! A full account of the technique is given in Hngelmann’s Archi, Jahrgang 1901, S. 106. 
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published in Engelmann’s , Avchiv,: as ‘the tonus of the muscle,. in 
. accordance with the earlier observers. The study of the atonic muscle 
has proved, however, that this quantity.comprises two different elements, 
viz., aD elastic elongation and an after- -elongation, òr, in other words, that 
the tonus is the sum of an elasticity and of a plasticity. The quantity 
defined as tonus 188 the advantage of being’ a directly measurable: 
quantity, but the disadvantage that ıt does not allow of a more complete 
analysis of the -properties of the tonic muscle. For the moment I. will 
represent the tonus of the muscle at rest by the letter “ a." 
^ The atretching of the tonic muscle by means of a Γι in- 
creasing weight stimulates the proprioceptors and causes the muscle 
to contract. ‘This contraction produces a variation of the length of 
the muscle, the value of which per unit increment of the load may be 


represented . Ὧν [2 ^l]. Hence, the tonus -of the muscle under the 
conditions of the experiment ought to be represented by [i 2 We 
have therefore [a m p] = muscular tonus — = thé increase in length of . 


the tonic muscle per ‘gramme increase of the load. My earlier obser- 
vations: have proved. that there existè & connexion between the 
stretching weight and the tonus, viZ., when ihe weight increases in. 
geometrical progression tie tonus decreases in arithmetical progression. 

Expressed i in mathematical symbols, we find— : 


0.5 UU ο κ... 
in which formule-— ; | e y | 
` eT "Ad 
(a- 25). = tonus, 
LE = the stretching weight, 
s , Οἱ and C, = two constants. 
The' stretching: ΕΕ P -functionates.as a stimulus for the pro- . 
prioceptors, so that we may also gay that [C,P] represents the value 
: of the stimulus, and [6, (a— ax)] the’ corréspónding value of the tonus. 


Formula I states, therefore, that there exists a logarithmic relation 
between the stimulus and its effect. 

* The physiological interpretation of the result of my experimenti: 
makes it necessary to introduce the threshold value A into the formula, f 
whereby ‘this formula assumes the form :— 


7 0 (a-221) = ign. ape A Om patel, - 
C. : ; 
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[P-A] Being the excess of the stimulus above the threshold value. 
Formula IC may be integrated, if we substitute an integration for a 
summation. We find as the result of the integration— 
l= a P ~- pe [60 - Δ)ή]ρα. GP -- A)-1}] IE; 
this formula expresses the relation between the increase in length of 
the tonic muscle [1] and the increase of the weight [P]. 
Formula ΤΙ states more particularly that the increase in length of 


the tonic muscle may be considered. as the difference of two quantities, 
viz. — 








d [οι — A) «Ίσα. C, -- A) - 1]. 
The first of these quantities, according to the definition given of a, 


is the total increment in length ‘of the muscle caused by the increase 
of the weight P, if the muscle did not contract. The second quantity, 


in agreement with the genesis of the integrated formula, represents the ue 


shortening of the muscle in consequence of the slow contracti caused 
by the stimulation of its proprioceptors.” The eres legi of the 
tonic muscle under the conditions of the experiment is therefore the 
sum of a- purely physicál slonko and a shortening caused by & 
physiological process. 

This result conforms with the experimental data of the first part 
of this research, for if the proprioceptive reflex arc is broken, the 
physiological effect vanishes, and formula II is reduced to -- a P, i.e., 
the increment in length of the atonic muscle is the sum of the elastic 
elongation and of the elastic after-elongation. For the case the after- 
phenomenon is eliminated, l'= a P represents the law of Hooke. In 
the third part of this investigation I will show that the formula 

| Gc [0.6 - Δ)} Ign. G(P -A)-1}] 
may represent the relation between the stimulus and the lift of a muscle 
contracting under isotonic conditions. 

First I will prove that the experimental resulis may be represented 
by the analytical expression IC. .The experiments used to that 
purpose were for the ‘greater part already published in Engelmamw's 
Archiv, 1901. The numbers placed in brackets behind the numbers 
of the experiments refer, therefore, to the Tables and to the reproduc- 
tions of the original tracings in that publication. I repeated, however, 
the measurement of the length-load diagrams and corrected thereby 
little faults in my earlier measurements. I moreover extended my 
measurements to parts of the curve which are now of interest for the 


Ὅτ 
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more complete knowledge of the problem, but which at that time were 


neglected. 

Eaperiment 1 [Table TI], September 15, 1899. — The frog used 
for this experiment was intact, but by wrapping up the whole animal 
in wet cotton-wool unintended stimuli were fairly well eliminated. 
The successive extension curves of the tonic M. gastrocnemius were 
made with approximately equal intervals of some minutes. The curves , 
thus ‘obtained resemble each other closely, and the course of the whole 
experiment was not troubled in any way. In some other experiments 
the cord was previously cut through, but, at least in the frog, there 
was no appreciable difference in the tracings in either case, excepta 
slight depression of the tonus by shock, shortly after the section of the 
cord. Table XXXI gives the measurements of the fifth extension ctrve. 
The first row of this table contains the time [r], the second row the’ 
charge [P], the third row the increment in length [L] of the tonic 
le, caused by the weight [P] at the moment [7]. In the fourth 
row I give the. tonus of the muscle, i.e., the directly measured increase 
in length of the muscle per gramme increase oi the load at the moment 
[τ]. Hence the tonus is-the directly accessible quantity, the value of 
which is not influenced by any aprioristic considerations. The fifth 
row éontains the quantity Ce (a— 25), and the sixth row the quantity 
Ign. C, (P— A). According to equation IC, these two quantities ought 
to be equal. The seventh.row contains the difference between’ the 
quantities of rows 5 and 6. 

_A is the threshold value of the stimulus, which is always deter- 
mined by means of a simple graphic extrapolation. The constants C, 
and C, are determined in such a way that equal worth is attributed 
to p observation upon the value of these constants. 

Experiment 2 [Table III, fig. 1], December 6, 1899.—The condi- 
tions of this experiment are the same as of Experiment 1. Table 
XXXII contains the measurements of the ninth extension curve. 

Experiment 3 [Table VIII, fig: 2], November 11, 1899.—In this: 
case the cord was cut through between the first and second vertebrm. 
Table XXXIII contains the measurements of the fourteenth extension 
curve about one hour after the transectión of the spinal cord. We 
conclude from these experimerits that within the limits of experimental 
error formula IC represents the relation between the inerease of ute 
weight and the decrease of .the tonus. 

This relation being fixed, I’calculated “a” with the aid of the, inte- 
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grated formula II, using the constants A, C, and C, of Tables XXXI, 
XXXII and XXXIII. 

















Bec. -8 -3 
8:0 118 x 10 8:0 20:4 x 10 
6:2 20-7 6:2 20:4 

' 19:6 20-4 | 12-6 19:1 
25:4 18:6 25:4 161 
98:5. 17°6 9 160 









” as not constant. The deviation 


We conclude, therefore, that “a 
of a from constancy induced me to, investigate the beginning of the 
extension curve, especially the interval 0 sec. to 3 sec. 





Fis. 81.—Length-load diagram of the tonic musole. 


' Baperiment 4 [Table I], November 10, 1899. — The frog used for this | 
experiment was intact and wrapped up in cotton-wool. Table XXXIV 
contains the measurements of the thirteenth extension curve, and fig. 8l 
is the graph of the length-load diagram. Along the abscissa the time 
is noted in seconds, and along the ordinate the increment in length of the 
muscle in centimetres. Because the weight increases uniformly with the 
time, the curve ABCD 18 a length-load diagram. At A the inflow of 
the mercury in the recipient begins and the muscle lengthens under the 
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influence of the increasing weight. At B the inflow is stoppec 
muscle from that moment onwards under the influence of a cons 
slowly continues to lengthen. ‚At C the muscle is abruptly 
and ‘shortens, at first quickly till D, and then slowly cre 
After & short interval of rest the cycle is repeated. 


Πκι63 





T Sac. 10 20 30 ` 40 


Pi88Sum. 767 1347 1-26 | | 250 
Fre. 32, —Tonus diagram of Experiment 4. 


Fig. 32 is the tonus diagram. It appears from this g 
the tonus at first quickly increases and then decreases. The 
increasing tonus lasts in this case about 3 sec. and the 
decreasing tonus 40 sec. The initial and rapid increase of 
under the influence of the increasing weight is a fact fow 
the following experiments. ^ We conclude, therefore, that 4 
influence of a uniformly increasing weight the tonus at fir: 
increases and then slowly decreases. For the interval of ¢ 
' tonus the relation IC holds good, as may be seen from Tabl 

_If we calculate a by means of formula II we find that 
increases and then decreases. According to our definition 
quantity is the sum of an elasticity arl of a plasticity, and the 
now arises which of these two ‘quantities varies. -There 
moments at which the elasticity of the muscle may be d 
directly from the length-load diagram. Firstly, the elasticit 
determined in the neighbourhood of A (fig.31), and I choos 
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purpose theinterval 0'5 86ο. to 1 seo.. The interval Osec. to 0°5 sec.isin most 
‘cases: not suitable for the determination of the elasticity, because passive 
resistances, residing in the apparatus and probably also in the muscle, 
oppose themselves to ‘the extension of the muscle. .The elasticity, as 
determined from that interval, is therefore evidently too small. At the 
interval 0*5 sec. to 1 sec. the passive resistances no more make their influence 
felt, and the charge is still small, so that the after-phenomenon vanishes 
against the elastic elongation. In the second place we may determine 
the elasticity from the part CD (fig. 31), because CD is the shortening 
caused by a known and abrupt variation of the charge. The position 
of D, however, where the direct elastic shortening goes over into the 
after-phenomenon, is not quite fixed, but this uncertainty is largely 
counterbalanced by the advantage that the simultaneous variation of 
the length and the load are fairly considerable. At the moment the 
experiments were made, I could not foresee that this part of the tracing ' 
` would be of interest, so that a certain number of my tracings are not 
suitable for the determination of the elasticity from the part CD. I 
found, however, in my material a sufficient number of tracings which 
allowed óf the determination of the elasticity also from that part of the 
curve. "The result of the determination of the elasticity from both parts 
‘of the tracing is that: the elasticity, as determined from the beginning 
and from the end of the tracing is the same in both instances. We 
conclude, therefore, that the elasticity ts constant and that the variation 
of a is due to a variation of the plasticity of the muscle. This fact 
agrees with the results obtained in the first section of this research. 
There I found that the elasticity of the atonic muscle plays only a sub- 
ordinate rôle, inasmuch‘as the elasticity varies but little and the problem 
is principally óne of plasticity. It seems also in harmony with the 
results of modern physiology, which considers muscle- contraction chiefly 
.88 & process of: deformation. 
The plasticity of the tonic muscle is now  detemined i in the following 
-manner. First the -constants A, C, and C, are fixed by means of 
formula IC. Secondly, [a P] is calculated by introducing the values 
of these constants in formula Il. Next, ‘the, elasticity is determined 
from the beginning and the end of the length-load: diagram. If we 
keep in view that a is the sum of an elasticity and of a plasticity, we 
may determine the plasticity by introducing the value of the elasticity 
in the expression [a P]. 
Fig. 388 is the plasticity diagram. I noted in this diagram the 
time along the abscissa and the plasticity along the ordinate. The 
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diagram shows that the plasticity of the muscle as well as the tonus at 
first quickly increase and then slowly decrease. ' When the inflow of the 
mercury is stopped the stimulation of i8 proprioceptors ceases, and the 
„Plasticity falls suddenly. 





E - 10. 20 30 . 40 50 
Fie. 88.—Plasticity diagram of Experiment 4. 


` Experiment: 5 [Tables IX, X], December 2, 1899.—The frog used 
for this experiment was intact and wrapped up in cotton-wool. I 
recorded first a number of extension curves of the tonic muscle, 
and then I cut through the nervus tibialis. By the section of the 
nerve the proprioceptive reflex arc is broken, and the muscle becomes 
accordingly atonic. About half a minute after the section of the 
N. tibialis I began to record a set of extension curves of the atonic 
muscle. Table XXXVI contains the measurements of the last exten- 
sion curve of the tonic muscle before the section of the nerve. The - 
constants A, O, and C, were determ#ed from the interval 3 sec. to 
25 sec. and Table D shows how far the measurements agree with 
formula IC. 

. Fig. 34 represents the tonus diagram and figure 35 the plasticity . 
diagram. 


1 
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P39Gr 9-26 19-97 3068 
Fira. 84.—Tonus diagram of Experiment 5. 





Fra. 85.—Plasticity diagram of Experiment b. 











TABLE D. 
[ 
| Al , 

τ | 0: (— 3) Ign. G(P— δ). 
= Ξ πως 
8 — 0-720 — O-T17 
6 — 0:600 — 0-570 
12 — 0480 . © — 0.481 

25 — 0-490 — 0-499 








A = 08 Οι = 774 x 1078 6, = — 190 
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The N. tibialis was cut through 45°2 sec. after the beginning of. 
the last extension curve of the tonic muscle, the muscle being loaded 
at that moment with. 809 grm. The interval immediately following 
the section of the nerve, from 45°2 sec. to 50 sec., is irregular, the course 
of the experiment being broken by contractions, but from 50 sec. to 
65 sec. these contractions have ceased, and it is now possible to 
determine the course of the after-phenomenon. It appears from the 
comparison of the after-phenomenon before and _after-the section of the 
nerve that by the section of the nervus tibialis the after-lengthening : 
is activated for a short while,’ or in other words, that the interruption 
of the proprioceptive reflex arc exalts for a ntoment the plasticity of the 
muscle. The muscle is unloaded about 20 sec. after the section of .the 
nerve. The experiment was so conducted that it was possible, without 
any doubt, to determine the shortening of the muscle caused by the 
abrupt diminution of the charge by 27 grm. The elasticity amounted 


_ in this case to 3°09 x 10 ^5, being the same as at the beginning, where 


it was 304 x 10 ^. We see, therefore, that the section of the motor 
nerve affects immediately the plasticity of the muscle, but not the 
elasticity. The first extension curve of the. atonic muscle is recorded 
about 25 sec. after the section of the nervus tibialis. In fig. 35 I 
reproduce the plasticity diagram derived from this extension curve, 
drawn on the same scale as the plasticity curve deduced from the 
immediately foregoing extension curve of the tonic muscle. It is 
evident from fig. 85 that by the interruption of the „proprioceptive reflex 
arc, the plasticity of the muscle is considerably lowered. 

Experiment 6 [Table XI, fig. 3], December 3, 1899.—This experi- 
ment is exactly of the same kind as No. b. 

Table XXXVII contains the measurements of the last Sciens - 
curve of the tonic muscle and the effect evoked by the section of the 
nérvus tibialis. Table X XXVIII reproduces the measurements of the 
first and second extension curves after the secticn-of the nerve. The 
constants A, C, and C, are determined from the interval 8 seo. to 
25°4 sec. and Table E shows the agreement with formula IC. 

Figs. 36 and 87 are the reproductions respectively of the tonus 
and the plasticity diagrams. 

The N. tibialis was divided 40 6 sec. after the ας. of the 
last extension curve of the tonic muscle, the muscle being loaded at that 


3 A. Benedicenti (Arch. ital, d. Biól., 1897, vol. xxviii) also arrived at the result that 
` the section of the nerve 1s followed by a permanent lengthening of the musele. 
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moment with.28'09 grm. It wes. possible in this case to determine the 
course of the after-phenomenon during the interval following the section 
of the nerve. The measurements carried out upon that part of the 
 eurve falling within the interval 45 sec. to 56 sec. show that the section 
of the nerve strongly accentuates the process of after-lengthening. The 
quantity [5 χ τ], if the, moment at which the nerve is divided is taken 


as the zero of time, is, however, not constant, but at first increases and 
then decreases, probably striving towards constancy. 


TABLE H. 





P 19G%r 1156 2129 
"Fra. 86.—Tonus diagram of Experiment 6. 


The muscle was unloaded about 27 sec. after the section of the Herve 
and the elasticity ‘determined at that moment amounted to 3°57 x 10 
The elasticity at the beginning of the last extension curve of the opie 
muscle, i i.e., before the section of the nerve, amounted to 3°36 x 1077 
We see, therefore, that the section of the motor nerve taeda 
alters the value of. the plasticity of the muscle, but that the value of the 
elasticity remains at first constant. 


982 ORIGINAL ARTICLES AND CLINICAL CASES 


The first extension curve of the atonic muscle was recorded about 
72 sec. after the section of the nerve. The elasticity of the He 
determined from the beginning of this curve amounted to' 2716 x 107° 
and 84 sec. later, at the beginning of the second extension curve of 
the atonic muscle, the value of the elasticity is 209 x 10° * The 
elasticity, therefore, shortly after the section of the motor nerve also 





u 





Plasticity 


tonic muscle 





Fie. 87.—Plasticity diagrams of Experiment 8. 


diminishes, but, as seen from Table XXXVII, the diminution of the 
, plasticity following the initial period of exaltation is the most striking 
effect of the interruption of the proprioceptive: reflex arc. 

Experiment "I, December 1, 1899.—This experiment is of the same 
kind as Nos. 5 and 6, but the section of the motor nerve took place after 
the muscle was unloaded. 

Tables XXXIX and XL contain the measurements respectively of 
the last extension curve of the tonic,muscle and cf the. first and second 
extension curves after the section of the N, tibialis. Figs. 88 and 89 
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Ἔδεο 5 ^ 0” B 20 .25 30 
' Fra. 89.—Plasticity diagrams of Experiment 7. 
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are the pertaining graphs. The constants A, C, and G are determined 
from the interval 8 sec. to 22 sec., and Table F shows in how far 
Mie part of the curve λαό with the formula IC. 











TABLE F.. 
seri Ign. Οι(Β — A) ' Dif. 
— 0-600 ; — 0-597 ~ + 0:008 
— 0458 — 0452 + 0-006 
— 0-816 — 0-814 -- 0-002 
— 0'218 — 0-217 - 0-004 
A= 08) ` O= 1297 x το. | Q= +. 706 


The, elasticity, as determined from the podus of ane last P 
sion curve of the tonic muscle, amounted to 2°39 x 107 . The value 


found by the unloading of the muscle is 2° 66 x 10 ^, ‘but this last 
determination was not quite certain. 





Fra. 40.—Myograph showing the [arene of 
the M. gastroonemius immediately after the section of the 
N. tibialis, M, the myograph ; 8, horizontal line drawn 
by the signal; & the twitch evoked by the seovion of the 
nerve; 7, the time niarked in tenths of seconds. ‘After the 
contraction the line of the myograph runs through the 
time marking. By the reproduction this part of the 

, myograph has become very indistinct, bus in the original 
tracing the line was distinotly to be seen. 


. A short while after the unlogding the muscle arrived at a state of 
rest, the length being constant; then the motor nerve was cut through, 
.the muscle being loaded at that, moment with only 3°95 grm. The 
section of the nerve is accompanied by a maximal contraction, after 
which the muscle does not-retürn- to ita original length (fig. 40). 
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Immediately after the contraction: the muscle begins to lengthen, and 
this lengthening exhibits all the characteristics of an after-phenomenon. 
It appears from the form of the after-lengthening curve that the muscle 
does ‘not again reach its original length, but tends'to a state of rest, at 
"which ite length is less than it was before the section of the nerve. 

This experiment -elucidates the much-discussed question, whether 
a tonic muscle after the section of its motor nerve becomes longer or 
shorter. It is evident that what happens after the section of the nerve 
depends chiefly upon the external conditions. For the section of the 
nerve acts 88 8, supramaximal stimulus, which provokes a contraction, and 
meinwhile’a permanent deformation (vide infra, Chapter III). When 
the load is heavy enough to eliminate this deformation and to reduce the Ὃν ae 
muscle to its initial length, the muscle will become longer thani ~ 
before by the activation of the after-lengthening. When ther” 7 
sufficient to neutralize the permanent pars aa 8 in the 
the. after-lengthening will in most ‘cases not suffic first l 
shortening caused by the permanent deformatior, extension 
muscle will be shorter after the section of its movttom the end 


: 4-8 
I determined in this case also the value of the quu. deter- 


and found that this quantity at first increases and then decreaghe 
same manner as in the preceding experiment. 
The elasticity determined. from the begi 


curve of the atonic muscle amounts to 4 










of the curve at the moment of the 
mined from the beginning of the sec 


'yalue of the elasticity 2°40 x 10 
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‘of this research, the elasticity may again slightly increase part passu 
with the disappearance of the plasticity. PS 

The next group of experiments was made with the M. triceps sure 
of a cat, whose spinal cord was previously transected. Full-grown, 









156 
30 30 


í diagrams of Experiment 8. 










d extension curve I found fo 
* and from the end of the same 
ο in this case shortly after the section 
ght ‘diminution of the elasticity, but the fall of 
the plasticity is the prevailing result of the interruption of the proprio- 
ceptive reflex arc. We conclude, therefore, from these experiments 
' that the section of the motor nerve, by which the proprioceptive reflex 
arc is broken, exerts a twofold efèct upon the striped muscle, viz., it 
immediately | activates, though only for a few seconds, the after- 
lengthening ; this rise of plasticity is followed ‘by a considerable fall, 
which is permanent, snd may, under conditions described in the first 
part of. this research, lead to the complete loss of the plasticity; it 
leaves the elasticity at first unaltered, but within half a minute the. 
elasticity also diminishes. The diminution of the elasticity, ‘however, 
does not seem to be very considerable, and, as, described in the first part 








20 
‘Fie, 42.— Plasticity diagrams of Experiment 8, 


strong cats proved to be the most suitable fot the E αν, The 
„operation was performed under ether narcosis, but after the transection ' 
of the spinal cord no more ether was given. The transection of the 
cord was -always followed by spinal shock, but after about. one hour , 
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tho- muscles satiati régained ther tonicity. The technique of these 
experiments is more difficult and more. complicated than in, the case of 
the frog, so that the experimental results are less exact. Tug methods 
however, were the same. 

The extension curve of the tonic M. iriteps of the hind limb of the 
spinal cat exhibits exactly the same character as: those of the frog, and 
the analysis of the tracings is based upon the same principle. 

Experiment 8 [Table XVIII], December 4, 1900.—The spinal cord 
of the cat was transected at 11.30 a.m. between the last cervical and the 
first thoracic vertebra, In the beginning of the experiment the exten- 
sion curves are strictly linear, but as soon as the shock passes away 
the : curves ‘assume gradually the form characteristic for the tonic 
muscle. Tables XLI and XLII contain the measurements respectively 
of the eighteenth and nineteenth extension curves. The eighteenth 
is recorded at 1.28 p.m., and the nineteenth curve about three minutes 
later. ' Fig. 41 represents the tonis diagrams, and fig. 42 the plasticity 
diagrams. ᾿ 

Eaperiment 9 [Table VII], December 6, 1900, is of exactly the same 
kind. .The transection of.the spinal cord was performed between the 
sixth and seventh thoracic vertebre at 10.30 a.m. The first extension 
curves are linear, but already the seventh curve shows a slight deviation 
from the straight line. Tables XLIII and XLIV contain the measure- 
ments of the fifteenth and sixteenth extension .curves. The fifteenth 
curve was recorded at 1.48 p.m., and the sixteenth curve was registered 
about three minutes later. Figs. 424. and 43 are the tonus and ‘the 
plasticity diagrams respectively... 

We conclude: from these experiments that the statements ‘made for 
the tonte muscle of the frog hold good also for the tonic muscle of the 
spinal cat. There are, however, differences between the tonic muscle of 
the frog and that ‘of the cat. The most. striking difference resides in 
. the form of the plasticity diagram. In the cat the increase of the 
plasticity takes place more abruptly, and also the subsequent fall is more 
sudden, until a level is reached, which. remains nearly constant during 
‘the increment of the load. Moreover, in the cat the plasticity still more 
prevails over the elasticity than is. the case in’ the frog. 

The: following group of experiments consists in making extension 
curves of the normal honan triceps sure with the ποσα of 


ΓΑ νι description ofthe technique of these experiments 16 given in ἁτο]αν. f. Physiol. 
Jahrgang 1003, S. 248. . 
^ BBAIN.—YVOL XXXVHL  , . ' |— 19 
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` Mosso ra): EE with the ΓΡ sure of the normal cat, i. e. A 
` without previous transection of the spinal cord, could only be done 
* when the cat was ünder ether. narcosis. ans results. ‘obtained undér : 
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` Archiv, J ahrgang- 1902, and.I will only: ‘quote here: the „ conclusion. 
e concluded from sun ερ that- P: ks Higher centres, 
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"The values given in the tables represent by approximation ihe ‘real 
increment- of the load and the corresponding real increment of tho 
length of the muscle. These values are obtained by multiplying the 
increment of the load on the scale-pan and the increment of the length 


t 





0x10 ἢ f 
T 2-105. 72,907 w 
P50Sr 1516 2982 «4448 
Fra. 46.— Tonus diagram of Experiment 11. 





0 10 - 20 30 40 50 ' 60 70° 80* : 
Fic. 4T. —Length-load diagram c of the tonio M. triceps suræ of B. 


868 recorded on the drum ΠΠ by a coefficient adduced froin the 

constants of the instrument and from the dimensions of the foot. 
‘Experiment 10, April 6,, 1902. —Triceps sure of L. L; belongs, 

-from the bodily aspect, to a) hereditary hypotonic type αμα, 
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D 


Stille)... Fig. 44 is the copy of the original extension curve after 
elimination of the respiratory movements; fig. 45 is the derived tonus 
diagram. Table XLV contains the measurements. 
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: 107 30 50 > 70 | 90" 
P 50$r N69 ` 2288 3407 . 4526 


` Fro. 48.— Tonus diagram derived from the extension curve of fig. 47. 
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ΟΙΟΧΙΟ1. : 
To W 30 ' 50 70 90° 
P308r 86 1671 2482 3292 


SE ὶ . ` ‘Rug. 49. — Tonus diagram of Experirhent 18. 


_ Experinient 11, March 16, 1902—Triceps- sure of L. Fig. 46 1s 
the tonus diagram, and Table XLVI: contains the measurements. 
Experiment 12, April 6, 1902.—Trceps sure of B. B. belongs, 


^ 
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from the bodily aspect, to a hypertonic type, with several symptoms 
of vagotonia (Eppinger and Hess). Fig. 47 is the rectified extension 
‘curve, fig. 48 the derived tonus diagram. Table XLVII contains the 
measurements. ' 

Experiment 13.—Triceps sure of B. Fig. 49 is the tonus die 
and Table XLVIII contains the measurements. : 

The characteristic feature of these. tonus TAR lies in the 
-lengthening of the stage of increasing tonus and the shortening of 
the stage of decreasing tonus. The line representing the stage of. 
increasing tonus is probably slightly curved in the beginning but tends 
very soon to a-straight line. For the stage of decreasing tonus we . 
find also in this case a logarithmic relation between the increment of 
theload and the decrement of the bonus. 1 found, when, determining - 
" for this part of the tonus diagram the constants C, and C,— 








e, , ο, 3 
L. . Experiment 10 015 x 107^ - — 581 
L. " 11 O25 ^ "^ 7 — 594 
B. : 1. . 0-14 τ -- 841 


Ὧν 18 '- ; 0:28 nee — 200 





when approximately A = 0. These constants are of the same order 
of magnitude as those in the spinal cat. i : a 

I must abstain from a further analysis of these extension curves, 
because my' experimental material is not sufficient to trace further the 
rôle the elasticity and the plasticity play in the phenomenon of tonus, 
‘when ‘the lower spinal centres are still urider the control of the higher 
ones. We conclude, therefore, only that. the tonus diagram of the 
human triceps sure resembles closely the tonus diagram of the same 
muscle in the normal cat, when under superficial ether narcosis; that 
in comparison with the spinal cat the stage of increasing tonus is 
lengthened and the stage of decreasing tonus is shortened; that for 
- the stage of decreasing tomus the logarithmic relation persists between 
the wmerement of the load and the decrement of the tonus. 

The experiments as yet described were all based upon the principle 
that the proprioceptors of a muscle are stimulated by stretching the 
muscle by means of an increasing weight. We may, however, also 
stimulate a proprioceptive: reflex arc,.at least its efferent part, by 
exciting the proprioceptors. of the muscles antagonistic to those we wish 
to:stimulate. The exponen based: on this principle were νο, : 


i 
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made with the frog. The skin over the pretibial muscles was opened 
and two electrodes, connected with an induction coil, were placed very 
carefully and without pressure upon the muscle group formed by the 
M. tibialis anticus longus and, M. peroneus. The amount of the 
stimulus caused by the induced current was chosen so as to produce 
a strong continued contraction of the pretibial muscles. The experi- 


22x10 


18 






Plasticity 





85197 122 - 225 328 


Fig. 50.— Tonus and plasticity diagrams of Experiment 14— fifteenth extension curvo. 


ment was performed in the following way. When making an extension 
curve of the M. gastrocnemius, I stimulated the pretibial muscles 
during a certain interval of time. I chose this form of the experiment 
because the stretching and extending of the M. gastrocnemius puts 
into action its own proprioceptive reflex arc, and under these circum- 
stances the effect of the second stimulus caused by the faradization 
and the contraction of the pretibial muscles is more obvious. 


—— lle 
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Experiment 14 [Table XIX, X, fig. 7], November 29, 1699—The 
frog used for the experiment was intact and wrapped up in cotton- 
wool. The pretibial muscles were stimulated by an induced current, 
the distance of the coils being 45 cm. The current induced by a 
distance of the coils of 8 cm. was hardly felt on the tongue, and 
at a distance of 3 cm. the current just caused pain on the tip of the 
tongue. 





PY99r 137 255 


Fic. 91. —Tonus and plasticity diagrams of Experimont 14—sixteenth extension curve. 


The pretibial muscles answered to this stimulation by a vigorous 
continued contraction. The stimulation lasted only a short while, viz., 
from 8'4 to 194 sec., and from 179 to 21°4 sec., reckoned from 
the beginning of the extension curve. Table XLIX contains the 
measurements of the fifteenth extension curve of the M. gastrocnemius, 
and fig. 50 represents the’ tonus and the plasticity diagrams. We see 
from this experiment that the stimulation of the proprioceptors of the 
pretibial muscles is followed by a strong increase of the tonus of the 
M. gastrocnemius. According to, our definition of tonus, the M. gastro- 
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cnemius becomes more extensible, and this increment of the extensi- 
bility is chiefly caused by an increase of the plasticity of the muscle. 
The effect of the stimulation may still continue after the stimulus has 
already.ceased. We conclude from this experiment that the stimula- 
tion of the pretibial muscles by a faradic current, and the subsequent 
contraction of these muscles, cause a considerable increase of the 
tonicity of the M. gastrocnemius ; this effect may even persist some 
seconds after the cessation of the stimulus. The increment of the 
tomus is chiefly due to an increase of the plasticity of the muscle. 





. "δ 1965 7.3 18.2 291 
Fio. 52.— Tonus and plasticity diagrams of Experiment 15 (intact animal), 


The increase in tonicity of the agonist under the influence of the 
‘contraction of the antagonist is usually called inhibition of the agonist 
by the antagonist. The róle which these phenomena play in co-ordinate 
movement has been fully demonstrated by Sherrington and others. 

‘Fig. 51 is the tonus and the plasticity diagrams of the next 
(sixteenth) extension curve of the M. gastrocnemius. The pretibial 
muscles were stimulated during the interval 5°9 to 12°8 sec., and 
by a distance of the coils of 4 cm. The stimulus was therefore, in 
this case, somewhat stronger and lasted longer than in the foregomg 


vs of sufficient: duration. 
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experiment. . The effect is & ; little different; - the increnient of the tontis 

18 ‘followed by a fall, which is: again succeeded by 8 slight rise of the: 
^ tonus. The curve. representing the effect of the ‘stimulation of the . 
‘pretibial. muscles upon the tonus of the gastrocnemius shows, there- 
fore, two tops: "Because these two’ tops’ will further be of interest- for 


the description of the experiments, I will designate the first top as the ^ - 


A top, and the second oné as the B-top. "The experiments now. prove 
"that the effect of.the stimulation of the pretibial muscles’ is always a 
two-topped curve, , provided. ihe stimulus be, of sufficient strength and 
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' Fra. 58. Tonus and plastioity diagrams of Experiment 15 (spinal cord transeoted)." 


. Bapériment 15: (Tables XXVIH, XIX, fig. 8], ' November26, 1899.— 
. This experiment was of the same kind as Experiment 14. The pretibial 
‘muscles, : "however, Were on both sides ‘carefully loosened from their. 
insertions, and the distance of. the. *oils was 5.cm." The loosening of 
the. ‘muscles from ᾿ their insertions was done in order to avoid little . 
movements in the: joints and the ‘concomitant stretching of the fascie, 
so that the effect of. ‘the stimulation was exclusively due, to the excitation f 


>ra οἱ the ΕΙ of the _pistibial muscles. τις; 


r 
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“Table L contains the messmeriente and fig. 52 the reproduction 

of the: tonus vand the plasticity diagrams. - The effect of the stimula- 

tion'is again | a two- topped curve, and the’ persistence of the effect 

after the cessation of the stimulus is evident. In this case the B top 

is more marked than in the preceding experiment. The increase in 
the tonus always begins after: a short period of latency. 

Fig. 58 represents the tonus and the plasticity diagrams derived 

from an extension curve of the same frog, but after transection of the 
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Fig. 54.—Tonus diagrams of Experiment 16. 


' spinal. cord between the first and the second vertebree. About one hour 
aftet the transection, the curve was recorded, being the eighth extension 
‘curve: οἳ the M. gastrocnemius after the transection of the cord. 
The effect is,.in this case also, a ‘Ewo- -topped: curve.. We conclude from 
these experiments that the: stimulation’ of the pretibial muscles by a 
faradic current, and the subsequent contraction of ‘these muscles, 
causes @ considerable increase of the tonicity of the M. gastrocnemius 
This. increase of tonicity has two maxime, one shortly after the 
beginning of the excitation of: the pretibial muscles, (A top) and 


C ΣΝ cS - "due ue 5 πον, c. 9 oa 
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another maximum in, the neighbourhood of the cessation of the 


: Stimulus (B. top). The second top is, however, not caused by the, 


cessation of the stimulus, and it 18 only accidentally in these experi- 


‘ments that the B top falls in the neighbourhood of the cessation of 
the stimulus. The moment at which the second top appears seems 


 only'to be determined by the ene of the, stimulus and the actual 


TOT 


state of the reflex centre. 


Ρ 5.07.0. : 12.8 i 22:0' 


Fia. 65. ἜΘΗ of Yéspericenk: 16—third curve. 
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ieee: 16, November 25, 1899.—This experiment belongs to 





the same group as Experiments 14 and 15. The: frog was intact, and 
~ wrapped up in .cotton-wool. The pretibial muscles were loosened on 


either side from their insertions to-avoid little movements in the joints. 


I reproduce in figs. 54 and 55 the tonus diagrams derived from five - 


successive extension curves of the: Μ.. « gastiocnemins.. The first- of 
these extension curves. is about ihe fortieth. curve of the whole series, 
recorded with intervals of approximately five-minutes: 
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First curve (fig. 54, Y).— The pretibial muscles were stimulated 
during the interval 5'3 to 10'4 sec., reckoned from the begimning of 
the extension curve, the distance of the coils being 4 em. The imtral 
charge amounted to 2°84 grm. and the increment of the charge to 
0°94 grm. per second. 

Second curve (fig. 54, IT).—Interval of stimulation 8 to 14°6 sec.; 
distance of the coils 4 cm.; initial charge 2°31 grm.; and increment of 
the charge 0°83 grm. per second. 

"Third curve (fig. 55).—Interval of stimulation 49 to 111 sec.; 
distance of the coils 4 cm.; initial charge 8°07 grm.; and increment of 
the charge 0°98 grm. per second. 
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Fia. 56.—'Phree successive extension curves of the tonic M gastrocnemius. The curves 
marked IIT and IV show a tonic contraction evoked by the stimulation of the pietibial 
muscles The curve marked V exhibits, at the samo time a twitch and a tonic contraction 
The dropping of the signal indicates the moment at which the pretibial muscles were 
stimulated. The enlargement is about ten times. The time in tenths of seconds 


Fourth curve (ig. 54, IV).—Interval of stimulation 5'9 to 19'8 
sec.; distance of the coils 4 cm. ; initial charge 8'19 grm.; and increment 
of the charge 1°07 grm. per second. 

Fifth curve (fig. 54, V).—Interval of stimulation 7'4 to 15°4 sec. ; 
distance of the coils 4 cm.; initial charge, 2°37 grm.; increment of 
the charge 0°95 grm. per second. 

Fig. 56 ıs & reproduction of the original extension curves from 
which the third, fourth, and fifth tonus diagrams are derived. 

The five extension curves of this experiment exhibit the same 
general feature as those already described, but about four seconds 


* 
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after the beginning of the stimulation of the pretibial muscles a slight 
contraction appears. Jäderholm [24], who gives an ample description 
of this kind of contraction, designates it by the very ippropriate name 
of “tonic contraction.” ; The tonic contraction and the twitch are 
the two different forms of contraction of which the striped muscle 
is capable. These two forms of contraction are independent of 
each other, as may.be seen from Curve V, fig. 56, which shows a twitch 
and a tonic contraction at the same time. The twitch is, without 
doubt, connected with the function of the striped apparatus, and there- 
fore under the control of the motor cell of the anterior horn. The 
tonic - contraction, however, seems to my opinion connected with the 
- sarcoplasmatic mass, and hence controlled by the sympathetic motor 
cell, which innervates this part of the muscle.' 
‘An interpolation shows that the twitch begins about one-tenth of a 
" second after the commencement of the tonic contraction. The same 
result was found in other cases, so that we conclude that the tonic con- 
traction in its appearance precedes. the twitch for about one-tenth of a 
second, A tonic contraction of the M. gastrocnemius is more easily 
obtained by stimulating the proprioceptors’. of the pretibial muscles 
than a twitch, and only a repeated or continued stimulation of sufficient 
strength is able to elicit a twitch. We conclude from these observa- 
tions that the impulses set up in the afferent part of a proprioceptive 
veflez arc by stimulating the proprioceptors of a muscle not only go 
over upon the efferent part of its own proprioceptive reflex arc, but also 
upon the efferent part of those reflex aves, which belong to muscles | 
antagonistic to the stimulated one. The way of least resistance for the 
. passage of the stimulus to the efferent part of an antagonistic reflex avc 
leads to the sympathetic moto? cell. Upon this principle is built the 
interaction of antagonistic muscles in the production of co-ordinated 
movements. ` 
The tonic contraction may be considered as a sudden variation of 
the tonus, as illustrated by the tonus diagram of fig. 55. This diagram 
is exactly of the same form as the tonus diagrams reproduced in 
figs. 50, 51, 52 and 53, the only difference being that the fall of the tonus 
between the two tops 1s deeper. The difference between the diagrams, 
in which a tonic contraction appears, and those in which this is not the 
case resides, therefore, only in the depths of the tonus fall, occurring 
between the A and B tops. Hence we conclude that the cases in which 


1 Botazzi and Grünbaum [19] arrived at a similar result for the auricular musculature of 
the tortoise heart [12]. ] : 
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a tonic contraction appears are continuoüsly connected with those in 
which this is not: the case, or, in other words, that the tonic contraction 
. is only a sudden ahd considerable’ variation of the. tonus. 

The tonus diagram of fig. BB shows a peculiarity, viz., an accessory 
top between the A and B. tops. In order to know if this accessory top 
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Fie. 58. —Extension curve of the tonic M. gastrocnemius, showing a 
- tonio contraction evoked. by the stimulation of the pretibial muscles. 
THe dropping of the signal indicates the moment at which.the pretibial ` 
muscles were stimulated. Tne enlargement is about ten times., The 
time in tenths of seconds. ; 


E 


Was caus: io an accidental irregularity i in the ET tracing, I took 
another extension curve of.the M.. gastrocnemius, belonging to the 
same series, and also showing an apparently smooth .tonic contraction. 
"Table LI contains the measurements of this curve, and fig. 57 15 the 
-tonus diagram.’ The origihal curve 18 reproduced in fig. 58; there is 
also in' this case an accessory top. between the À and B tops, and 


i 
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above them little accessory tops'upon the descending branch of the B top. 
The same phenomenon shows the tonus. diagram of fig. .59, which is 
derived from the extension curve reproduced by fig”60. ` This tracing 
belongs to another series, and the stimulation of the pretibial muscles 
took place at a distance of the coils of 6' cm. At first sight the tonic 
contraction seems smooth and continuous, but an accurate ‘measurement 
of the curve révéals three accessory tops between the A.and:B tops. The 
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Fic. 59.—Tonus diagram showing several accessory topa’ between the A iid ing B top. 
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Fig. 60.— Extension curve of the tonic M. gastrocnemius showmg & 
tonic contraction evoked by the stimulation of the’ pretibial: muscles. The 
dropping of the signal indicates: the moment at which the pretibial muscles 
were stimulated. The τα is about ten times. The time in^ 

' tenths of seconds. ; 


three tops αι, 3, αφ in the tonus Jgn are —" equidistant, 
wiz., 0°75 sec. and this fact suggests the idea that the tonic contrac- 
tion is a'tetanus, even in those cases in which it has the appearance 
of a continuously smooth contraction. That: this is really the case is 
demonstrated by’ Curve IV of fig. 56. The ascending branch of the 
tonic contraction shows clearly .a staircase phenomenon. Fig.’ 61 
shows the same phenomenon in a more marked way’; this curve is the 
first extension curve of the séries of fivé, of which fig. 56 reproduces 
the third, fourth and fifth ατα Not only the ascending branch 
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but also. the descending one may exhibit the staircase phenomenon. 
An example of this kind shows fig. 62; this curve is the second one of 
the same series of five. - The fact that the descending branch may also 
exhibit the staircase phenomenon is & further proof of the tetanic 
nature of the tonic contraction. -We conclude, therefore, from these 
experiments that the tonic contraction of the M. gastrocnemius evoked 
by stimulating the pretibial muscles by means of a faradic current is not 
α single contraction but a tetanus. 

After the tonic contraction has passed away the muscle often remains 
oscillating. The amplitude of the oscillation is extremely small, hardly 
perceptible in the tracing, notwithstanding the enlargement of the 
movement by the length-recorder is about tenfold. The duration of 
the oscillations is approximately constant, but may differ from case to 


case. The variation in the duration of the oscillations is about 1'5 
to 2'5 sec. 


“vem d 





EU X Myograph 
Fra. 61. — Tonic contraction of the Bia, 68. — Tonio contraction of the 
M. gastrocnemius. The ascending branch ^ ' M. gastrooriemius. The ascending as well 
of the contraction shows a staircase. Tho ‘as the descending branch shows a stair- 
enlargement is about twenty times. The . case, The enlargement is about twenty 


time in tenths of seconds, ` F ` times.’ The time in tenths of seconds. 


Curve III, fig. 56, shows four of these oscillations, beginning shortly 
after the tonic tetanus Bs finished. The duration of each oscillation is 
about 1°6 sec. 

The curves representing the tonic contraction of the M. gastrocnemius 
of the frog resemble closely the contraction curves of smooth muscles 
, published by Engelmann, Winkler, Schultz, and. others. The tetanic 
character of the tonic contraction, the staircase phenomenon, the oscilla- 
tions- following the tonic tetanus, the ‘slowness of the contraction and 
its little height are all the same. I.conclude, therefore, that the tonic 
contraction and the phenomena allied with it are due to the sarcoplas- 
matic part of the striped musclé. , Hence we come from the physiological 
side also to the conception of the duality of the striped muscle, viz., a 

! The same oscillatory movements are desoribed by Ph. Botazzi and others in the onse of 


smooth muscles of Evertebrata [11] and [12]. . 
BRAIN.—VOL. XXXVII 20 
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sarcoplasmatic mass innervated by a sympathetic motor ceil, which. in its 
function closely resembles the smooth muscles and a striped apparatus, 
termination of the motor cell of x anterior horn, embedded in this sarco- 
plasmatic stroma. 

Keith Lucas. [29], in his. experiments] work, arrived at a similar ο 
result, viz., that the muscle is composed of three different contractile 
substances. In. my opinion ‘his general’ conclusion that ‘there are 
different contractible substances in the striped muscle is true, but 
my experiments -tend to the conclusion that there are only two, in 
agreement with the morphological researches of Boeke. 





Fic. 68.—8oheme representing the affect of the stimulation of 
the pretibial muscles upon the form of the extension curve of the 
M. gastrocnemius. The curve αβγ is the axtepsion curve, ard the 
curve AB the derived tonus diagram. 


The curve representing the effect of the stimulation of the pretibial 
muscles upon the extensibility of the M.. gastrocnemius is S-shaped. 
Fig. 68 represents this effect diagramatically. The tonus diagram AB, 
derived from the extension curve αβη, is constructed on the supposition 
that the load augments uniformly as in our experiments. The temporary 
lengthening of the muscle represented by the part af is usually called 
"inhibitibn," and the-subsequent shortening of the muscle “tonic 
contraction.” Inhibition and tonic contraction are two phases of the 
sarne process evoked by the stimulation of the proprioceptors of, an 
antagonistic reflex are. A good instance. of such an S-shaped curve 
shows fig. 60. 

- The form, of the zo curve is extremely variable in different: experi- 


E 
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ments; it is determined by the anatomical structure of the reflex 
centre, by the actual state of this centre, and by the nature and the 
strength of the stimulus. The point a indicates the moment at which 
the inhibition begins. The determination of the exact position of this 
point upon the curve is only possible in the tracings of figs. 60, 
64 and 65. In these cases the latent period between the beginning 
of the stimulation and the beginning of the inhibition varies between 
0:06 and O'l sec. The A top of the tonus diagram coincides with 
the first inflection point [A’] of the extension curve, and the B top 
with the third inflection point [B’], situated upon the descending 
branch of the tonic contraction. The point β indicates the moment at 
which the tonic contraction begins. This point may easily be deter- 
mined in the tracings. The five successive tracings belonging to 
Experiment No. 16 give the following result :— 





a 
Moment at which the 
4 Beginning of tonio 
Number stumulation of the contraction 


j Difference in seconds 
pretabial muscles begins s 





These five experiments were made under similar conditions, and 
repeated with intervals of about five minutes and with the same 
` strength of stimulus. We see from this table that the tonic contraction 
begins about four seconds after the commencement of the stimulation 
of the pretibial muscles, but that there are slight deviations from this 
mean in accordance with the reflex nature of the whole phenomenon. 
In the same way the point may be determined at which the tonic 
contraction has ceased. The table gives the relation between the end 
of the tonic contraction and the cessation of the stimulus :— 





Cessation of Duration of the 
End of the tonlo | stmnlston of the 








Difference in seconds 









contraction pretalnal museles in seconda NS 
I 109 10:4 13 
τι. 18-4 14-6 i4 
ΤΠ c 8:0 171 19 
ΤΥ 114 12:8 l5 
Vv 19:2 15:4 1 








It follows from this table that there 18 no fixed relation between the 
end of the tonic contraction and the moment at which the stimulus 
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ceases. The duration of the tonic contraction is, however, approximately 
constant. Other experiments give similar results. - Hence we conclude 
that the effect following the stimulation of the pretibial muscles is 
chiefly determined by the actual state of the reflex centre and by the: 
strength of the stimulus, but that the duration of the stimulation has 
but little influence, in other words, that the effect of the stimulation 
may be regarded. as a reflex discharge. 

The inhibition of the tonus lasts about three times as long as the 
tonic contraction, and when the strength of the stimulus i increases, the 
inhibitory effect becomes more and more predominant. Fig. 64 may 
prove this. The curve belongs to the series of Experiment 16 and was 
the thirteenth tracing. The distance of the coils amounted to but - 


LL Myograph 

Fig. 64.—Extension curve of the tonic Έτα. 65.—The same experiment as repro- 
M. gastroonemius showing a tonio contrac- duced in fig. 64, but with a still stronger 
tion evoked by the stimulation of the pretibial ^ stimulus. The enlargement is about ten 
muscles. The dropping of the signal indicates ` times. ‘The time in tenths of seconds, 
the moment at which the pretibial muscles ' 
were stimulated. In this case the inhibitory 
affect is predominant. The enlargement is 
about ten times. The time in tenths of seconds. 





8 cm; so that the stimulus in this case was rather strong. When the 
‘strength of the stimulus increases still further, the general feature of the 
curve remains the same, viz., S-shaped, but the tracing becomes 
‘irregular. Fig. 65 may prove this. The curve of fig. 65 is the four- 
teenth of the same series, and the distance of the coiis amounted to 
2°5 cm. We conclude from the preceding experiments that inhibition 
of tonus and tonic contraction are two phases of the same excitatory 
process. The inhibitory effect is only caused by the fact that the 
sarcoplasmatic part of the ‘striped muscle shortly after the beginning : 
and also near the end of its excitatory state shows an increment of its 
extensibility, which is due to a temporary increase of its plasticity.) 
The contraction curve of smooth muscles shows ‘also two maxima of 
extensibility, one shortly after the beginning of the, contraction and ' 
the other near the end, exactly 1 in the same way as the tonic contraction 


! Schenck also established the fact that the extensibility of the striped musolo is in- 
' greased at the beginning of the contraction (Pfluger’s Arch., 1900, Bd. Ixxxi, 8. 596). 
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. of the striped muscles. There exists also a close analogy between the 
function of the smooth muscle and the function of the sar ο τα 
part of the striped muscle [23]. i ; 


CHAPTER III.— TEBx Isoronic CONTRACTION. 


The analysis of the extension tracings of the tonic muscle in the 
second section of this research leads to tHe conclusion that the formula 


zd "ao [CP -A« len. (P—A) - 1 $] 


represents the shortening of the muscle [—1] caused by the stimulation 
of the proprioceptors through: & uniformly increasing weight [P]; this 
result, however, could not be tested directly. I tried, therefore, to prove 
that the.formula quoted above represents the relation between the 
amount of the stimulus in physical units and the lift of the muscle 
when.working under isotonic conditions. The conditions under which 
the muscle is contracting in the two cases are not strictly the same, but 
these differences will only affect the value of the constants of the 
formula, not the form of the function. Much work has been done by 
the earlier observers to elucidate the relation between stimulus and lift 
for & muscle contracting isotonically. A great deal of this work was 
performed by very skilful experiment, and in such an exact way that 
it seems for my purpose superfluous to repeat it. Hence I shall use 
in this section the experimental material of others. 

The problem involves in the first place the question of the relation 
between the stimulus in physical units and the stimulus in physiological 
units, or whatever part of the stimulus, considered as a physical cause, 
is transmuted into a physiological cause. Generally it is admitted that 
the relation . 

stimulus in physical units 


stimulus in physiological units = ως 





Now I have shown in my publication on the principle of entropy in 
physiology [28] that all physiological systems are endowed with passive 
resistances, so that the increment of the stimulus ought to surpass a 
certain finite limit before producing an increment of the effect. We 
find, therefore, that all the stimuli [P + 8], in which [8] means a-finite 
increment of P, yield the same effect. .The value of [6] may be com- 
paratively great when the passive resistances in the physiological system 
are considerable. -It is evident from the simple recognition that all 
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physiological systems are systems with passive resistance that the same 


relation 
stimulus in physical units 


stimulus in physiological units — constant 





cannot exist for the whole scale of stimuli. For though [8] is small 
' in general in comparison with P, it will nevertheless sensibly influence 
the value of P when P itself is small. Hence, we conclude that if we 
apply, as 1s usually done, the relation 


stimulus in physical units a " 
‘stimulus in physiological units constan 


to the whole scale of stimuli, we ought to find deviations between the 
observed and the calculated values of [ —1] in the neighbourhood F. the 
small values of P. 

The second question involved in the problem. ensues frọm the 
plasticity of the muscle. As I have proved in the first and second 
sections, the muscle, in consequence of its plasticity, is easily deformed 
by mechanical and thermical agencies. The same happens when the 
muscle is compelled to contract by electrical or other artificial stimuli, 
applied to the motor nerve. After each contraction the muscle is 
slightly deformed, and when this deformation surpasses a certain limit, 
the effect becomes manifest in the form of a slight permanent shortening 
of the muscle. -This deformation was first systematically studied by 
Tiegel [48], and later more in detail by Bohr [10]. This fact is of the 
highest interest, because it shows that in 8 series of successive con- . 
tractions the muscle does not remain the same object. Hence tt 4s 
impossible to represent the relation between stimulus and lift by a 
formula im which. enters only one independent variable—viz.,- the 
stimulus. A formule which will give a true representation of the 
relation between the stimulus and the lift ought to contain at least two 
independent variables—viz., the variable P, the stimulus, and & second 
variable Q, which represents the momentary state of the muscle during 
the experiment; or, in other words, the effect of the stimulation is not 
entirely determined by the value of the stimulus in physical units. f 
Hence we conclude that it is only possible to represent the relation 
Letween stimulus and lift by a formula containing one independent 
variable, if we neglect the plastic deformation of the muscle during the 
experiment, or if we try to eliminate by some artifice the influence’ of 
the plastic deformation upon the effect of the stimulation. 

The formula : 


gu NE κα eee 
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is reduced to its simplest form when we substitute C, (P - Δ) -- R. 
After this substitution it assumes the form 
— 1 [00C] = F(R) =R  AMlog. R- 15», 

if M is the modulus. Fig. 66 is the graphic representation of the 
function F (R) =R | M log.R — 1|: The first striking feature of this 
function is that it shows a maximum in the neighbourhood of R = 76, 
and it may be asked if this agrees with the physiological facts. The 
opinions about this point are divided, and a great many observers, such 
as Tigerstedt, believe that the lift approaches. asymptotically a limiting 
value, when the stimulus increases. In my opinion this conclusion is 
erroneous, because it is left out of consideration that the muscle is so 


15Γ' 


Επ) 
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Pie. 66.—Graphio representation of the function 
F(R) =R «Μο Β --1}. 


easily deformed by a strong stimulus. It seems, therefore, to me that 
the asymptotical increment of the lift is not caused by a further real 
increase of the lift, but only by a shortening of the muscle, caused by 
plastic deformation. I agree, therefore, with Waller and others, who 
believe that the lift considered as a function of the stimulus is a 
maximum-phenomenon. It is another question, whether the decrement 
of the function by a further increment of R is also realized in nature. 
The experiments seem to indicate that this is feally the case, but that 
the decrement of the lift by further increase of the stimulus in most 
cases is hidden by the plastic deformation of the muscle. 

Experiment 20, of Tigerstedt and Willhard, proves the existence 
of a maximum lift and shows, moreover, the plastic deformation of the 
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muscle. For this experiment 8 muscle-rierye preparation of the frog is 
used. The nerve is stimulated by a break-induction shock. First the 
stimulus increases, and as soon as it reaches the value-of ΤΌ, the 
maximum lift of 13°25 is attained; thén the stimulus is gradually 
augmented to 75 and to 80, but the lift is only 1815. By a further 
increase of the stimulus the plastic deformation becomes evident, and 






Stimulus 50 . 7 - 9ο 


Fra, 67.—Graphio representation of Experiment 20 of Tigerstedt 
and Willhard. ‘The lift as a function of the amount of the stimulus 
in arbitrary physical units. 
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Fic, 68.—Graphio representation at ον 28 of Tigerstedt 
and Willhard. ‘The lift as a function of the amount of the stimulus in 
arbitary physical units, 


the lift seems to incřease. When the stimulus has attained the strength 
of 95, the course of the experiment is reversed, and the stimulus 
decreases by equal steps, in the same way as it had previously increased. 
The curves representing thé lifts as a function. of the amount of the 
stimulus in arbitrary physical units are reproduced in fig. 67. Curve I- 
represents the lifts by increasing stimuli, and Curve II those by decreas- 
ing stimuli. It is evident that the curves coincide at the beginning and 
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diverge towards the end, and that the second curve lies above the first. 
This proves that the muscle is temporarily deformed by the supra- 
maximal stimuli. 

Ezperiment 28 of Tigerstedt and Willhard i 18 of the same kind, and 
shows the same phenomena (fig. 68). The second curve is remarkable, 
because during the interval of supramaximal stimuli the lifts at first 
increase by decreasing stimuli. A better proof that the muscle is 
deformed by strong stimuli could hardly be givén. The lines represent- 
ing the relation between stimulus and lift for supramaximal stimuli 
are approximately straight ones, and this harmonizes exactly with the 
results obtained by Bohr [10] during tetanus of the muscle. 

I used the following method to prove the agreement between the 
formula and the observations. For R = Οι(Ρ — A) — 0, the value of 
the function, or —1 [C,C,], is also zero; this means that the stimulus 
in physical ‘units, P, will have no visible effect until P surpasses the 
threshold value A. Now I plotted the observed values of — | against the 
values of P and extrapolated this curve graphically. In this way A is 
fixed. By means of A the value of the stimuli (P — A) is determined. 
Next I tried to determine graphically the top of the tracing. In 
choosing the experiments, where this was possible, I eliminated those 
in which the plastic deformation was very dominant. At the top of 
the curve R is approximately 76, and I pose, therefore, R ar. --76 — 

C, (P aax. - Δ). P max, means the value of P in physical units, for 
which the lift isa maximum. By the determination of the top, P max. 
is also fixed, and hence C, = p~z is x Because P is given in 

- mex. 

arbitrary units, the determination of C, is always possible. C, once 
fixed in this way, the value of the stimulus C, (P - A) may be determined 
for the whole scale of stimuli. I should propose to call this method the 
method of the equivalent stimuli, because it assumes that those stimuli 
are physiologically equivalent which produce the maximum lift. I will 
not enter upon & discussion of the intrinsic value of this proposition, 
because it is only applied here for the sake of convenience to have 
an easy method of testing the formula. When the reduced stimuli 
C, (P - A) have been calculated, we may also determine the value of 
ihe function , 
— 1[C,C,] = C (P - A) 4 M log. G(P- A) — 1 ). 

The top of the curve agrees with C, (P — A) = 76, and at that moment 
the value of the function is approximately 13°98; hence I pose— 
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ΤΙ nar. = 1998 =1 ay x [0C], or — 
ee ος = Q03; με. Means σος value of 1 1 at the top or the maximum 


lift. By means of this relation C, is calculated. There are other 
methods to test the agreement between the formula and the observed 
values of l, which are equally simple, but by the method of the 
equivalent stimuli the influence of the plastic deformation is for a 
great deal eliminated. 

(Ὁ Experiments of Tigerstedt and Willhard, 1888 [44]. — These 
observers used a muscle-nerve preparation of the frog. "The nerve was 
stimulated by electrical stimuli. 





Q(P-A) 20 40 ^ 60 80 


Fig. 69.—Graphio representation of Experiment 6 of Tigerstedt and Willhard. 
The lift aè a function of the reduced stimuli. . 


Haperiment 6.—The nerve is excited by make-induction currents. 
The mean intensities of the induced curtents are proportionate to the 
numbers given in the second column of Table LII. The stimuli in 
physical units, P, are therefore proportionate to the mean intensities 
of the induction currents. Because the mean velocity with which 
the current increases is approximately independent of the intensity, 
it is only this last quantity which forms the independent variable 
of the experiment. The stimulations of the nerve succeeded each 
other at equal intervals of eight seconds. In the third column the 
reduced stimuli are given; in the fourth row the lift as observed by 
Tigerstedt and Willhard; in the fifth column the value of the lift 
calculated by means of the constants of the sixth column. Fig. 69 is 
the graphic representation of Table LII. The curve of this figure 
represents the lifts as a function of the reduced stimuli, calculated: by 
means of the constants of the sixth row. The observed values of the 
lift are indicated by dots when belonging to a series of increasing 
stimuli, and by crosses when belonging to @ series of decreasing 
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stimuli. In this experiment the two curves calculated by means of 
ihe method of the equivalent stimuli coincide. 

In order not to burden this part of my research, I will publish the 
results in as condensed a form as possible. -Hence it may suffice to 
mention only the fact that Experiment 27A of Tigerstedt and Will- 
hard gives the same result without publishing the numerical data. The 
two curves approximately coincide, and the agreement between the 
observed and the calculated values of the lift is of the same kind as 
in the preceding experiment. 





Fria. 70,—Graphic representation of Experiment 28 of Tigerstedt and 
Willhard. The lift as a function of the reduced stimuli. 


Experiment 28 of Tigerstedt and, Willhard.—This experiment is of 
' the same nature as the preceding one. The nerve is. stimulated by 
break induction shocks. Table LIKO contains the numerical results, and 
fig. 70 is the graphic representation of the experiment. In this case the 
two curves do not coincide. The curve marked I, belonging to the series 
of increasing stimuli, lies below the curve marked II, pertaining to the 
series of decreasing stimuli. The curves ‘coincide at the beginning and 
diverge towards the end. This fact proves that a long sequence of 
increasing stimuli, and especially’ the stronger and supramaximal 
stimuli, have temporarily deformed the muscle. This experiment 
' Shows also clearly the deviations between the observed and the calcu- 
lated values of the lift for small values of P. 

Experiment 20 of Tigerstedt and Willhard shows the same facts, and 
the agreement between the observed and the calculated values of the 
lift is the same. 

Experiment 38 of Tigerstedt and “Willhard. —In this case the nerve 
was stimulated by the make and break of a constant current of in- 
creasing intensity. Also in this case the mean velocity, with which 
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the current incredsed or decreased, was approximately constant, inde- 
pendently of the intensity of the constant current. Table LIV aod 
fig. TL contain thé ‘results of the experiment. ' 

i Experiment 32a of Tigerstedt and Willhard (Table LV, fig. 72). — 
In this éxperiment the nerve was curarized and the .musclé stimulated 
directly with break-induction currents. In this case also there exists 
agreement between the observed and the calculated values of the lift. 
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Fra. 7L—Graphic representation of Hrperituani 88 of Tigerstect and 
Willhard, The lift As a function of the reduced stimuli, 
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Fra. 72.—Graphic representation of Experiment 82a of Tigerstedi and 
Wilhard, The lift as a function of the reduced stimuli. 


The deviation for small values of, P is very marked.. Experiment: PaA: 
. οἳ the authors is of the same kind, and yields similar results. : 
(1) -Experiments of von Kries [97] 1884.—von Kries worked with 
the M.. gastrocnemius of the. frog after destruction.of the medullary 
cord. The nervis ischiadicus is stimulated by & uniformly increasing 
current (Feder-rheonom). The velocity of the inorement of the current 


n 


΄ 
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was constant throughout and only the intensity varied. The numbers 
in' the second column are proportionate to the intensities of the ex- 
citing current. Hence there is only one independent variable in the 
experiment. 

Experiment 2 of von Kries (Table LVI, fig. 73)—-The nerve was 
excited by a current which reached its maximum intensity in about 0°05 
second. 

Haperiments 1 and 3 give the same ae 
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Fra. 73. — Graphio representation of Experiment 9 of von Kries. The lift 
‘as 8 function of the reduced stimuli. 


(II) Haperiments of Cybulski and Zanietowski [16], 1894.—The 
experiments of the second isotonic series are only suited to my purpose. 
The authors used the gastrocnemius nerve preparation of the frog. 
The nerve is stimulated by : means of condenser discharges; the capacity 
of the condenser is 1 x 10 F. The charge of the condenser was varied. 
It may be concluded, from the statements made by the authors about 
their apparatus, that the mean intensity of the discharge current 
increases approximately proportionately to the charge of the condenser. 
The velocity of the increment of the discharge current is but slightly 
affected by the variation of the, mean intensity, so that also in this 
case there is only one independent variable; which is proportionate to 
the charge of the condenser. The stimulus in physical units is 
therefore expressed in coulombs in agreement with the authors. 

Experiment 8 of Cybulski and Zantetowski, with omission of the first 
ten observations (Table LVII, fig. 74). ‘This experiment is remarkable 
for the fact that it shows so very clearly the deformation of the muscle 
by supramaximal stimuli. The Curve AB represents the relation between 
the stimulus in physical units and the lift; Curve BC is the continuation 
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of the experiment. It represents the “lifts” for the supramaximal 
stimuli. It seems evident to me that in &.continuously proceeding’ 
experiment, the Curve AB cannot represent the same phenomenon as 
the Curve BC. It is obvious that the Curve BC is not the direct con- 
tinuation of the Curve AB and that this Curve BC does not approach 





25 CoudamAs x 10-10 30 35 
Fig. 74.—Graphic representation of Experiment 8 of Cybulski and 
Zanietowski. The lift as a function of the amount of the stimulus in 
arbitrary physical units, 
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Fia. 15. —(Graphio representation of Experiment 3 of Oybulski and Zanietowski. 
The lift as & function of the reduced stimuli. 


asymptotically any limiting value. The Curve BC is rectilinear in 
the same way as in the experiment of Tigerstedt and Willhard, and 
represents the deformation of the muscle by supramaximal stimuli. 
Experiment 2 of the same authors (Table L'VITL, fig..75) proves the 
agreement between the observed and the calculated values: of the lift. 
The top of the curve lies in the neighbourhood of P = 31:9, and from , 
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that point on the divergence begins. The line uniting the “lifts” caused 


by the supramaximal stimuli is a straight one also in this case. 


Experiments 64 and 65.—Both experiments are made with the same 
_ preparation and under the same experimental conditions. 
ment 64 precedes Experiment 65. The charge of the muscle in Experi- 
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Fic. 76.—Graphic representation of Experiments 6A and 68, 
of Oybulski and Zanietowski. The lift as a function of the 
reduced stimuli. 
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Fic. 77.—Graphic representation of an experiment of Cybulski 
and Zanietowski. The lift as a funotion of the reduced stimuli, 


^. Qurve I twitches, Ourve TI tetani of short duration. 


ment 6A amounted to 5 grm., and in Experiment 6B to 10 grm.; 


Experi- 


, 


notwithstanding this difference the Curve VIB lies above the Curve VIA. 


This experiment proves, therefore, again, that the muscle is deformed 


more especially by strong stimuli (Table LIX, fig. 76). 
Experiment 5 of Cybulski and Zametowski yields the same result. 


a 


E 
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Finally, I reproduce an experiment where the authors produced 
alternately -a twitch and a tetanus of shori duration (Table LX, 
fig. 77). The discharge current of the condenser excited the nervus 
ischiadicus of a nerve-muscle preparation of the frog. The tetani were 
obtained by repeating the discharge at a rate of 22°5 per second. We 
see that in the case of tetani of short duration the formula is still 
applicable, but that the constants are different in the two instances. 

_Cybulski and Zanietowski also observed the phenomenon that the 
lift may decrease by increasing stimulus, when exciting’ the muscle 
directly, but they attributed it to fatigue (loc. cit., p. 142). 

(IV) Experiment of Waller [45], 1895.— Waller used the nerve- 
muscle preparation of the frog. The nerve was excited by induction 
` shocks of increasing strength for periods of one-aighth of a second. The 
interval between the successive stimuli is one minute. Table LXI con- 
tains the data of Waller’s experiment, and fig: 78 shows how far the 

observed and calculated values of the lift agree. 





0 
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Fic. 78.—Graphio representation of an experiment of Waller. 

The lift as a function of the reduced stimuli. : 
(V) Experiments Fani Lucas [30], 1909.— The author used the 
M. cutaneus dorsi of the frog. The animal was plunged in a bath of 
Ringer solution. The proprioceptive réflex arc was intact, so that he 
worked under the same experimental conditions as I did. The nerve on 
its course to the muscle was stimulated with a series of break-induction 
currents. ‘The mean intensity of the current is by some indirect way 


A 


determined by means of a'ballistic galvanometer. The strength of i 


current increased in steps in the successive stimulations. These steps, 
however, were very small, so that often the passive resistances: of the 
physiological system are not overcome. Hence, two or even three 
stimuli of increasing’ strength yield often the same lift. 


» 
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Experiment 6 of Keith Lucas (Table LXII, fig. 19),—^ E this experi- 
ment the exciting: current was not graded finely during the first few 
observations, so that the steps of ‘the rise are not seen.” I choose this 
experiment exactly for that reason. The experiment shows.clearly the 
deviation at the beginning, and also the existence of a maximum at 
P = 450. ‘Beyond the top the plastic deformation by the supramaximal 
stimuli is obvious. Experiments 1 and la ‘prove also the agreement 
between the observed and the calculated values of the lift. Especially 
for the larger values of P the agreement is evident. 

- (VI). Experiments of Gildemeister [20], 1911.—Gildemeister used 
the discharge. current of a condenser, with which he stimulated a nerve- 
muscle Pr paration, 
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Fu. 79.—Graphio τρόμος, οί f Rxperiment 6 of Keith Lucas. 
The lift as a function of the reduced stimuli. 


σοι. 11 P Gildemeister (Table LXII, i 80);—A nerve- - 
muscle preparation of the frog is used for this experiment. Every 
observation is-repeated twice. The. experiment is composed, of two sets 
- of observations. The observations. of Curve I'are obtained by means 
of quick, discharges of the condenser, ‘and those of Curve II are the 
result of slow discharges; Because the stimuli in the two cases are 
qualitatively different as ‘the rate of discharge varies, the constants 
| Bre different in the two sets of abservationi., 
i Experiment 5 of Gildemeister i is pi the same kind and yields similar 
results. : 

: (VID. leaporiinents of May 93] 1911, 1912.—May worked with the 
tonic Μ. triceps sure of the cat. The animal was slightly narcotized with 
chloroform. The muscle remained in normal relation with the nervous | 

_ system, so that the proprioceptive reflex are was intact. -The Achilles . 
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tendon was cut through, the naadi carefully, loosened and. diat 
to the rectilinear myograph of Keith Lucas. A normal salt solution at 
body temperature flowed throügh the muscle in order to eliminate the 
influence of the chloroform upon the’muscle. May operated therefore : 
with a normal tonic muscle and under the same conditions as I did; 
The muscle was stimulated either directly or indirectly through the 
,motor nerve, by 8 current of 2 milliamperes, interrupted by a Leduc 
interrupter. The number :of interruptions per second was chosen.in 
such w way that each elementary current could τας e full physio- 


10 
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' Fra. 80.—Graphio σοι κ αβ. of μον 11 of. Gildemeister. 
. The hft as a αρα of the reduced stimuli’, 


logical effect, and that the strength of each eae current amounted’ 
„to but a fraction of a milliampere. The'appliance of a Leduc inter- 
rupter makes it possible tọ work with currents of such a feeble intensity, 
and the increment. of the stimulus is obtained by ‘augmehting ‘the’ ᾿ 
frequency of the interruptions: The numbers in the second column of 
Tables LXIV, LXV, LXVI, denote the number of interruptions , per 
second. The stimulation always lasted one second and the muscle 
C was loaded with 50 or 100 grm. Thè use of’ very wéak currents is 
probably: the cause that plastic deformation seems to play no róle in 


+ 
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these experiments., The πέος of any perceptible deformation follows 
not only from my calculation, but the author himself remarks that “if 
‘the frequency instead of being increased is diminished step by step, the 
tracing obtained is the negative image of those obtained by increasing 
stimuli.” 


10} 
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ὃν. Fia, 81,—Graphic representation of Experiment 9 of May. The lift as 
' ' a function of the reduced stimuli. 
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Fic. 83, ~~Graphic representation of Experiment 3 of May, The lift as 
a function of the reduced stimuli. 
Experiment '2 of May (Table XLIV, fig: 81).—The muscle was 
. excited directly by two platinum iridium electrodes, one placed under 
the top of the muscle, the other near the Achilles tendon. The curve 
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shows ‘obviously à ΡΝ in. the δ’ acigabourhosd ‘of P 160 and then. 
decreases. Inthis case. the agreement, espécially for the decreasing l 
"part of the curve, is evident, because -no - déformation occurs. TD 
x Experiment: S:of May (Table LXV, fig. 82).—This: experiment, i is of 
"the. same kind as the precoding one. „In this case the decrease of the .. 
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Fra. „88. —Graghio repressntatiön of Exporimiärit 4 of n. “The lift as ' à 
-8 funotion of the σα stimuli. :. ’ Ρ 
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_ Fic. εκ... ~ Gisghic men of Experimenta 9 and 4 ot May. The lift as . 
S oe - 8 function of the square root of, the number of ae (m. pedi 
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. lift by increasing icis is very οστά ων ` This ‘experiment. is 


therefore remarkable; because it ‘shows the close’ agreement between the . * 


observed and the. calculated values of the: ‘lift foja considerable part’ of 
: the-descending ‘branch~ of the curve. ‘This fact.i is'the more ‘remarkable, | : 
because, the curve’ is Hote -symmnetrical. in respect” to. the maximum ν 
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Experiment 6 is of the same nature and proves also the close agree- 
ment between the observed and the calculated values of the lift. 

Experiment 4 of May (Table LXVI, fig. 88).—In this experiment 
the nervus ischiadicus was stimulated with very weak currents. As 
may be seen from fig. 83, the agreement between the observed and 
the calculated values of the lift are very close. 

' Finally, I thought it interesting to test the renowned formula of 
Nernst (34] on the experiments of May. The formula of Nernst applied 
in this case leads to the result that the increment of the lft ought 
to be proportionate to the square root of the number of interruptions. 
In fig. 84 I plotted these square roots against the lifts. We see, 
indeed, that the agreement is very close in the beginning, but that the 
divergence begins in the neighbourhood of the sixth observation. The 
physical conception of Nernst of the physiological problem is, therefore, 
confirmed by these experiments, at least for small values of P. 

: We conclude from all these experiments that the formula 

-l= gy, [GP - A) {Ign.0,(P- A)- 11] 
really represents the relation between stimulus and lift, inasmuch as 
& formula which contains only one independent variable may be able 
to represent this relation. Hence we conclude that the analysis of the 
extension curve of the tonic muscle, which leads to the formula (— 1), is 
confirmed by the facts. 

More especially we may conclude, in agreement with Wedenski [46], 
Woolley [48], and others, that the lift considered as a function of the 
stimulus in physical units is a maximum phenomenon, and that the lift 
decreases tohen the stimuli become supramazimal. This decrement of 
the lift is wm most cases, however, counterbalanced, and therefore hidden, 
by the plastic deformation of the muscle. 


CHAPTER IV.—Tonvus AND TENDON REFLEX. 


The analysis of the extension curves of the tonic muscle has led to 
the result that the tonic muscle is continually in a state of slight con- 
> traction, combined with a state of exalted plasticity. The-source of the 
stimuli which maintain this peculiar-state of the muscle are the move- 
ments of the body which excite continuously the proprioceptors of 
the whole apparatus of locomotion. The physiological facts brought 
into connexion with the morphological discoveries of Boeke caused us 
to conclude that plasticity is the chief property of the sarcoplasmatic 
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part of the muscle and that the maintenance of a slight state of con- 
traction is due to the striped apparatus. Hence one comvonent of the 
tonus, the plasticity, is controlled by the sympathetic system, and the 
other component, the contraction, remains under the control of the 
motor cell of the anterior horn. ' 

From the two components, by which muscle tonus is composed, the 
component '' contraction” 1s the more variable. For, in the first place, 
preformed spinal mechanisms may influence the state of contraction 
of the muscle, and in the second place voluntary impulses may change 
the state of contraction. Thé plasticity, on the contrary, as being the 
autonomic component of the tonus, is withdrawn from our will, and 
therefore is the more stable component. The clinical definition, which 
is usually given of muscle tonus, viz., a state of slight contraction, 
keeps only one component in view, and especially the more variable one. 
Hence, it is obvious that clinical observations, as well às experiments, 
based upon that definition have given contradictory results, and have 
failed to prove beyond a doubt the existence of tonus. 

It seems desirable to me to have clinical terms to designate the two 
components of the tonus, and I should be inclined to propose the terms 
“contractile tonus" and plastic,’ or autonomic, tonus, as perhaps the 
most adequate ones. Instruments suitable for the measurement of the 
two different qualities of the tonus separately do not exist at the moment, 
as- far as I know. Hence I will give a rather rough, tut in many 
respects sufficient, clinical method. The M. biceps of the arm may 
for this purpose serve as an example. We begin to divert the attention 
of the patient from what we are doing, because attention markedly 
influences the state of contraction of our muscles. Next we take the 
wrist with one hand, fix the shoulder with the other and then we bend 
and extend the arm several times. Finally, we extend the arm moder- 
ately and take the belly of the biceps between thumb and fingers of the 
hand which fixed the shoulder. Now we first try to displace the muscle 
to and fro across its length. The resistance felt by this movement gives’ 
us an impression of the state of contraction of the muscle, or of the 
contractile tonus; next. we compress the. belly of the muscle gently 


1 Sherrington (Quart. Journ. of Exp. Phys. 1909, vol. τῇ) uses also the term “plastic 
tonus," but in & somewhat different sense. j 

? The investigations on the tonus of smooth muscles have led to similar results. Plas- 
ticity, for instance, agrees 1n its essential features with ** Substanztonus" of F. Schultz, and 
the ‘‘neurogend tonus" of the same author resembles in many respects! contractile tonus, 
This agreement 1s not accidental, since the saroplasmatic pars of the muscle 18 -morpho- : 
logically and physiologically the analogue of the smooth muscle. 
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between thumb and index and this compression affords us an impression 
of the plasticity of the muscle, or of the plastic tonus. If we repeat 
this proof two or three times, we succeed fairly well in getting an idea 
of the tonic state of the muscle. The repeated movement of bending 
and extending the arm serves to activate the proprioceptive reflex arc 
and to éliminate as much as possible the influence of accidental stimuli 
upon the tonus of the M. biceps. Because the two components of 
the tonus are independent of each other we may find little resistance by 
the displacement of the muscle combined with marked plasticity, or the 
reverse, but in most cases resistance and plasticity go part passu under 
normal. conditions. 

I do not think that it will be easy to construct a simple instrument, 
suitable for clinical use to measure contractile tonus, but the degree of 
plastic tonus could perhaps be estimated by means of a set of test- 
cylinders of rubber of varying plasticity. “If we alternately compress 
the muscle and the test-cylinders, it will be possible to find out the 
cylinder ,which approximately equals the muscle in plasticity. 

The tendon phenomena have always been considered as connected 
with muscle tonus, but about the nature of this connexion opinions are 
divided. The majority of the observers believe that the tonic state of 
the muscle is a true reflex action, and the tendon phenomenon a direct 
muscula response, of which only the tonic muscle is capable (Gowers 
and others). The chief argument, upon which this supposition is based, 
is rather a negative one—namely, that the latent period between the 
tap on the tendon and the contraction is too short for a reflex. Of 
recent years, however, Sherrington [41], Smjder [42], and others, have 
found indubitable muscular reflexes with as short a latent period as the 
tendon phenomenon. 

In my opinion, in agreement with the minority of the clinical 
observers (Snijder and others), the tendon phenomenon is a true reflex, 
the typical reflex manifestation of the proprioceptive reflex arc. The 
tap on the tendon is the stimulus which elicits reflexly the contraction. 
The knee-jerk may serve as example for the description of the 
mechanism of the tendon reflex. If we will elicit a knee-jerk, we begin 
to stretch the Μ. quadriceps by bending the knee sufficiently. The 
tap on the tendon produces under these circumstances a brief and 
sudden increment of the stress of the muscle. The duration of this 
variation of the stress, however, is too short to produce a displacement 
or a lengthening of the muscle as a whole, but it evokes a Stress-wave, 
travelling through the muscle. This wave, which is directly visible, 
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may also be recorded by-means of a tambour of Marey. ‘The variation 
of the tension, provoked by the stress-wave, forms the adequate stimulus 
for the proprioceptors of the muscle and, the tendon. The initial 
stretching of the muscle, is, therefore, necessary to create the physical : 
condition needed for the production and the propagation of the stress- 
wave through the muscle. "The response of the proprioceptive reflex 
arc to the stimulation of its proprioceptors is a contraction. The direct ΄ 
observation of the contraction as well as the records on a drum prove 
that one of the components of the contraction is a single twitch. 
The electric phenomena, accompanying the contraction, recorded by 
Wertheim Salomonson [47], and by Dittler and Günther [17], by 
means of the string galvanometer, are in full ha?mony with this. A close 
observation shows, however, that the stadium decrementi of the twitch 
always seems lengthened. This lengthening is very obvious in the 
` tracings of Gotch [21]. Sometimes the descending branch of thé twitch 
may exhibit a slow secondary elevation (Shepaetd Franz [19]). The 
lengthening or the secondary elevation is caused by a tonic contraction. 
We conclude from these facts that the contraction following the tap on 
„the tendon is of a twofold nature, viz., a twitch upon which is super- 
posed a tonic contraction. That we have really to deal with a super- 
position of two different forms of contraction is convincingly proved by 
Graham Brown [22], de Boet [9]; and others. 

The two components composing the muscular contraction which 
follows reflexly the tap on the tendon, seem to be independent of each . 
other. This is demonstrated also by an experiment of de Boer on cats. 
de Boer cut through the rami communicantes of the sympathetic 
chain, and destroyed in that way the plastic tonus. Notwithstanding 
the loss of the plastic tonus, the tendon reflex could be ebcited and was 
even brisk. This briskness of the tendon reflex is probebly caused by 
the absence of the tonic contraction. Clinical observation tends to the 
same conclusion. There are, namely; some forms of locomotor ataxia 
in which the twitch is diminished’ or absent, and in these cases the slow 
and sluggish contraction seems caused only by the tonic componént; 
Also a partial dissociation between the twitch and the tonic contraction 
occurs. i | 

Shortly summarizing, we may say that the term “ tonus ” designates 
the state of the muscle when continually subjected to the influence of 
weak stimuli, emanating from its own proprioceptors. By the term 
“tendon reflex" we indicate the sudden variation of the tonus, evoked 
reflexly by a brief but vigorous stimulus, of the proprioceptors -of the 
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muscle and the tendon. Hence tonus and tendon reflex as to their 
intimate nature are identical, and the tendon reflex may therefore 
serve as a touchstone for the tonic state of the muscle. In the tonus 
however, the plastic component seems to prevail, and in the tendon reflex 
the twitch is the most obvious phenomenon. Hence it is evident that 
the tendon reflez will afford us especially an impression about the 
contractile component of the tonus. 

It follows from our conception that the tendon phenomenon is a 
true reflex, and that the muscular response is of & twofold nature, that 
the terms used to designate the different modalities of the tendon 
reflex are very imperfect. I will leave aside here the question of 
the relation between the intensity of the tap on the tendon and the 
duration of the latent period between the tap and the contraction, 


' 


D 





Fie. 85.—OClonus tracing of the tonic M. triceps sure 

of the spinal cat. The speed of the drum was not uniform, 

as may be seen at the tıme marking. 
as well as the question of the threshold value. What interests us, 
clinically, is the relation between the intensity of the tap on the 
tendon and the mechanical effect. This effect may be normal, 
diminished, or exaggerated, but these terms remain equivocal unless 
we add, which. of the two components is normal, diminished, or 
exaggerated. Under normal conditions the variation of the two com- 
ponents usually goes pari passu, but under pathological conditions this 
is no more the case. When the twitch prevails, we get the impression 
that the reflex is brisk, and when the tonic contraction dominates that 
it is slow. I think, therefore, that the combination of the terms 
“ normal, diminished, exaggerated,” with brisk or slow will be sufficient 
for practical use, though they do not cover the whole field of 
phenomena. i 
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| When the irritability of the reflex centre i is οαεϊίοδ: and t 
reflex. exaggerated, the stimulation of the proprioceptors, eallec 
ihe reflex contraction, sufficés to again engender a contracti 
repetition, of the, reflex is called ““ clonus. ie 
Fig. 85 is the reproduction of a 'clonus tracing of the M. iri 
of a spinal cat. ‘It is evident from this tracing that clonus is t 
pure twitches, in which no trace of a tonic contraction i is to be 
This is ‘always’ the case in clonus tracings. in man. Fig. : 
_ sents “another clonus curve, also of a spinal. cat. At the 
indicated by the "ropging c of the signal’ liné, the load attache 
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| 
. 
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Fig. 86. —-Glonus tracing of the tonic M. triceps sure ot the spinal NM At th 
indicated by the dropping < of the gust line, the load Beggs to increase unif 
tendon of the muscle is thiformly increased. The increas 
acting 8 8 ‘stimulus for the proprioceptors, accelerates -the 
of the clonus by, about Τ᾽ per. Penis and SEDES do 
excurgion of the movement. ' 
Figs. 87 and 88 show soát precedes the commenceme: 
. clonus. At A the muscle exhibits a tonic shortening, then the 
the muscle remains constant till B. Again the ‘muscle shorten: 
shortening is accompanied ‘by a clonus. In: the case repres 
fig. 88 the clonus was initiated by a jerk ab the teridon , [x]. 
- like a tendón-reflex, is in most. cases initiated ‘by a'jerk or a p 


. tendon; but sometimes (as in fig. 87) the clonug seems pseud 


neous. In these last cases there are usually movements ‘in’ ani 
groups of muscles Which initiate the clonus of the agonist. 
from my experiments that the, beginning of & clonus is, alway 


DE This fact agrees with the fori > ve the action’ current as recorded by 
'Balomonson [41]. ' : 


= 2 
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panied by a tonic shortening, but that inversely a tonic shortening is 
not always followed by a clonus. Hence I conclude that the tonic 
shortening is a necessary factor in the production of a clonus, or that 
a clonus ts composed by a series of twitches superposed upon a tonic 
shortening. : 





Fra. 97.— Olonus tracing of the tonic M. triceps surm of the spinal cat. Αἱ A and at Ba 
tonic shortening preceding the clonus, at O tonic lengthening of the muscle following the 
cessation of the clonus.. 





Fig. 88,—Clonus tracing of the tonio M. triceps surm of the spinal 
cat, Αὐ A and at B a tomo shortening preceding the clonus; at © 
tonic lengthening of the muscle following the cessation of the clonus; 

΄ at x the clonns is initiated by a jerk at the tendon. 


The cessation of a clonus is always accompanied by a tonic 
lengthening, of the muscle (figs. 87, 88, C). Fig. 89, also a clonus 
from the triceps sure of a spinal cat, shows a peculiarity of the tonic 
lengthening. At the beginning of the experiment, the muscle slowly 
lengthens, then, at the moment indicated by a cross, I pulled at the 
tendon, and a clonus seb in. Very soon the clonus dies away, and at 
C the tonic lengthening begins. Now the line representing the tonic 
lengthening shows clearly the staircase phenomenon. This staircase 
phenomenon is also visible upon the line of the tonic shortening. 
This line, however, is in most cases very steep, and this is the reason 
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that the steps are not: very obvious. The escending line of fig. 89 
' exhibits two steps, each a little below the top of the first and the 
second twitch. We conclude from these facts that the tonic shortening 
of the muscle preceding the clonus is a tonic tetanus, and that this 
tetanus is the result of the exalted irritability of the proprioceptive | 
reflex arc. A clonus is therefore a series of twitches elicited reflexly, 
and superposed upon a tonic tetanus. This result is in harmcny with 
our ‘conception of the duality of the tendon reflex. 





Fra. 89. — Olonus tracing of the tonic ML, triceps sure of the spinal cat, At [x] the 
colonus is initiated by a puli at the tendon, At O a slow tonio lengthening of the musole. 
The line representing the lengthening of the muscle shows the staircase phenomenon. 


We arrive, therefore, at the general result that the tonus, the 
tendon reflex, and the clonus are closely allied phenomena, and that 
they are composed by an element “contraction,” due to the action of 
- the motor cell of the anterior horn and by an element “ plasticity," due ' 
to the action of a sympathétic motor cell of the cord. In the tonus 
the autonomic component prevails’; in the tendon reflex the twitch 
dominates the tonic contraction; in the clonus a series of twitches is 
' superposed upon a tonic tetanus. US 

The results at which we have arrived, viz., the morphological and 
functional duality of the striped muscle, may throw light upon several 
' problems of pharmacology and neuropathology. ᾽ 
My experiments tend, for instance, to the conclusion that several 
‘drugs, e.g., strychnine, affect preponderantly the sarcoplasmatic part 
οἵ. the muscle. Fig. 90 is a reproduction of a reflex contraction of 
“the M. gastrocnemius of the frog, elicited by stimulation of the skin 
: of the foot. The twitch does not seem obviously altered, but the 
height ‘and the duration οἳ the tonic ‘contraction (tC) are strongly 
increased. The same effect may be ανα by cooling down the whole 
animal. 
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The cutting through ot 7 boi ten ee thalamus and mid- 

brain (Sherrington ‘[40]) provokes & similar effect... By this section the 
lower sympathetic’ centres Are. divided from the higher centres, situated 
in the base.of the brain. I have only qualitative ινα of the 
state, designated by: . Sherrington “ décerebrate rigidity”; but it seems 
‘very probable to me that this rigidity i& at least partly dus ‘to & spasm 

of the sarcoplasmatic- part of the muscle.’ Hence one of the com- 
`. ponents in the decérebrate rigidity-is a spasm of. sympathetic origin, 
caused by the prevailing! of the cerebellum., This opinion harmonizes 





` πιο, “90.—Reflex contraction” ‘of tonio M, gastrocnemius of the, 

* ; frog, elicited by stimulation of the skin ot the foot, after injection of 

* atrychnine. , (tO) tonic part of: the contraction. The enlargement is 
about 10 times. The time 18 marked in tenths of seconds. - 


with the? views of . Sherrington tij, who κ the cerebellum as 
the main ganglion of the proprioceptive ‘systemi. 

Another example ‘producés the myopathic forms of progressive 
muscular atrophy.. The muscle by its sympathetic innervation comes 
upon ihe same, line with ihe other internal organs of the body, which 
, all belong to the domain of the: sympathetic system. The pathological 
aüatoiny of tliese niyopathies make i$ probable that not only the muscle 
is diseased, but also a, part of the’ sympathetic system [31]. The 
primary motor neurone, on’ the contrary, is, always found normal—at 
| least in the, beginning of the disease. In this respect the myopathic 
fornis differ from the neurotic forms of muscular atrophy, in which 
. the primary motor neuron is affected. ; 

' These few examples may suffice, to show that is conception of the 
duality ‘of the: striped muscle, may ‘be’ ? Very fruitful in the future for our 
knowledge óf the nervous system. - 


1! The experiments. of Dusser de Barenne tenā to the same ος (Folia Neurob., 
1918, Ba. vii, B. 661), E . 
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TABLE IX.—Eaperment 7 (January 5, 1905) 
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TABLE X.—contunued. 
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TABLE, "XI, —continued. 
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TABLE XIIL —Ezperwnent 11 (Decombor 29, 1904). 
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TABLE XIV.—Expersmént 12 (October 81, 1904). 
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TABLE XVII.—Heperwment 14 (December 20, 1904). 644 Tracing. » 
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TABLE XIX.—EdZperiment 14 (December 90, 1904). 
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TABLE XX.—Haperiment 16 (December 15, 1904). 
4 
Exp. 1 59°85 "Pat e 092 , 
2 ‘ 62-70 118 , 0-37 
εὔ 689-85 - 17 0-58 
7 65°55 114 . 0:62 
i 9 68-65 1-20 O64 ok, 
10 66:50 x 137 0-65, ^ 
| TABLE XXI.—Ezperiment 16 (December 14, 1904), . 
Exp. 1 97-85 - 0:65 .. 0 84 . 
7 2 102:60. ... -0 66 e 044 
8 10450 - 0:66 0:51 
5 114.00 0:68 0-60 
6 1495 . 0:64 0-64 
8 x 118-00 ves 0°67 : 0:70 e 
. B) The Temperature Variable; 
. TABLE XXII.—Haperiment 1 (December 18, 1906). 
T T- 2 UD T MEE 
- at i AT 
ο. 12-0 πα 0.00 . 64 82:0 3d 
2 120 . — 0 00 68 883 0-85 
4 '19:0 " 4. 0705 πο, ..- 847 Das 
6 -- ασ 066 |' 74 .. 859 ons 
278 -- 0:50 +:0°05 76 859 0.20 
10 .. -- 0:00 78 85:8 Das 
12 16:0 N 0-00 80 97-0 dE 
14 — 0:98 0:00 82 87:5 0-25 
16 iri 085 — 0:05 ; 84 88-0 0-25 
18 118 _ 0590 -86 38 5 0:25 
20 ' 180 0-10 0.05’ 88 89 0 0-95 
22 o , 015 -+ 0°05 - 90 » 895 
24 .. 186 0-00 + 0:06. 92 — 018 . 
28 .. 194 "' jog 4005' 94: 40:00 — 
8i .. NE -+ 0-05 96- 5. -- 0-98 
~ 36. 21:8 0-89 "7 40:05 "98 40:9 -- . 
` 40 29-6 035 || +005 | 100 a) 0-95 
44 .. 240 0-85 i _ + 005 n 102 ‘ 419 ' 0-98 
,48 26:4 - 040 ; 4.0705. 108 49:8 ' 0:95 
59 ... 270 up : 0:007 ΙΟ .. 498 '* οφ 
.. 56 28:8 D — 0:06 114 44-7 
80-4 — 010 1 
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` ON MUSOLE TONUS ` 


zperüneni 2 (December 22, 1905). 
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TABLE XXIV.—Emxperiment 9'(December 18, 1906). 
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ORIGINAL ARTICLES AND CLINICAL CASES 


"TABLE XXV.—Hapertment 4 (December 18, 1906). 


= MS Um A 9 Ὁ ioo 2952988298928 8292 
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o ὃ Φα Ὁ Ὁ οο moo 
H LG) 78 11ο i'i e Fa d E a eee] O60 A Ent PF 
s: e o s è >. © © ο e-s . . ». © c£] 8 . . . . ... . . ve . . . . 
B|teeeseeoco-ottr . Aye, 2/8)8)8)/3)8)8)8 (8 j3 5 
πο ουσ μ.ο τν p ., αἰπδ δ Ὁ ο ὃ olo D blb ὃ δι. 
E qooqnomonoobnootr ER Ao (oa be μα 155 
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"TABLE Eu RM 5 (December 24, 1906) 
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ΕΟΝ MUSCLE TONUS 
~ TABLE XXVII. — Experiment 6 (December 24, 1905). 
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TABLE XXVIIL—Ezperwment 7 (December 1, 1906). 
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TABLE XXX.—Heperiment 9 (December 22, 1905) 


TABLE. XXIX.—Ezperiment 8 (December 5, 1906). 
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Forrowne apres SHOULD ‘BE READ IN CONJUNOTION WITH 


CHAPTER 1. Ἴ 


“TABLE XXXI. —Rapérimeni 1 (September 15, 1899). 
Firta "EXTENSION Curve: 


E [αί (a- S)leeoe Q {P 


apne on Ἡ 


B = À NES: E η 
. 004.186... 00x10 2 — o ee 


—A) Dif 


; : V ND P 
9:58. 19:8 «ὁ ΠΒ x 10 '— 0 850 — 0:850 
"56:99 80:8 "65 .— 0708 — 0-701 
10 61 60-6 8-9 .— 0:586 — 0-562 
21:89 102:1 ' 859 -- 0'425 — 0:496 
38:50 121:8 ' — _ — 
T * itu ^28 { ` 
2 tf, A 08 C, = 498 x 10 O = — 109. 
TABLE XiXIL- Bepérinent ὃ (December .6,- 1899). 
PO ob. ye "Tonus de (a- 42) ] (Len.c,(P—a)} Dit. 
: . T 3 "n 
. 001-19’ '0:0 x 10 .. M50. Ll inertes 
i -? 8 
s. 81838 . 1831 , 84 x'i0.. -- 0-920 — 0 928 
..481 ` 84:6 TO — ^*.. — 0766 — 0-155 
. STT, „867-9 56 =. — 0613 — 0-606 
... 19°69 1140. > .. 43 — 0:460 — 0:466 
ec OTS: .. 187-6 κκ ---... te 
: E ; κ j 
A= 07 - ΟΙ Ξ 445 x10 | Cre — 1095 


. TABLE. XXXIIL— — Eapens ment 8 (November 1 11, 1899). 


B 
D 


BE cet ᾽ " ” : onis 

" , κών. τ -8. B 

«00186...  00x10.:7.,— ^. c7 τ᾽ .. — 
9:56 17-0" T3 x dO va’ 2.0857 — 0-857 
: 8:98 , 36 0. 60 2 lU — 0-708 
1074 . 64:9" 48 - 0571, — 0 599 
31:64. 1040: . 86 = 0:498 — 0 484 
9688 α HOD μιν Qm. Re HOC t iur ue 

P à p νυν 

A-08 C 2469 k10 'Οἱς--119 


o; 


[οἱ α- po [Lgn.O,P—4A)] Dif. 


- CÓ 5 "E z ` " ' 
4 . -ᾱ i "EI y > 
ua % t CM z 
D ” M 
` ' ~ - 
860 ' ORIGINAL ARTICLES: AND CLINICAL CASES 
TABLE XXXIV.—Haperiment 4 (November 10, 1899): 
τ Ῥ ;! L . Tonus Plastic. , 
00 | 188--00: A 000x10 .. — T Ex 
. ; A : 
0-95 LEN, ve. Sen = 0:98(3) x 10.. — 
0:5 0 29 = 0-27 > — i EM 
- O75 — ο... z 3-67 -- 
10. "0:08 ες 1:88 τς — -- 
s af -3 
1:95 = — € is 12°72 x 10. 
15 = A I e. 0 459 y: — ' 
1775 mL Ug m zb. mem ο τω 19:94 
2:0 116 $ 899 ss — S — Zu 
25' μα ος es 2s 8:25 NS: 18-09 
8:0 174 s T:98 $i —, σος. -- 
46 πε μ.ο t vem es 11:90 
6:2 | * 8:60 M 20:22 e. 0900 ον — 
94 ES zi — μα. κ. τ 10 68 
19-6 T:81 ὃν 48:69 0 T20 oS — 
19:0 . ἐ-- — — 8:58 
95:4 : 14:14 75:55 5:40 — 
884 ES -- -- 7-07 
414 94:01 108-Τ4 8:6) κω ῳ 
49:4 x 94-57 . 105-20 -- — 
P = const 
49-5 1884-24 57 .. .,10584 -- — 
d -8 
49-95 — -- 0-77 x 10 
44:0 — 106-40 -- — . 
, 45:5 -- — — 0:36 
47-0 = 107-46 -- — 
49 5 — — — 0-08 
‘520 — .. . 108:00 ES -— 
58:5 —!' .. 10815 — - 
B50* .. 188--9457 ..' 10830 -- -- 
; Unloading of the muscle. 
55-0 +. 188.500 : 38 78 (?) A: — 
56-5 κ. 19:77 -- —. 
-8 
570 | — — -- — 058 x 10 
575 an 19-94 -= Εκ 
58-5 — 11:97 ES EX 
590 — — — — 0-27 
59:5 — 11:70 — -- 


" TABLE XXXV.—Ezperimeni 4 (November 10, 1899). 


AL : : . us 
T βε(α- 22] | We Pray. Di, , . 
3:0 ῥα -- 0°756 ds — 0760 κος — 01004 - 
' CB, | .,' -g05 ,.. — 0:597 DE + 0:008 
12:6 i — 0454 ος '— 0-452 , Ed 4- 0:002 
25:4 — 0:802" e — 0:818 .. "^ -:2001H. 
414 — 0-22T .. ^ 0.920 oS + 0-007.‘ 


, -3 . 
A-04 OC, 2183x100 ος --θά - 
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TABLE XXXVI.—Ezpe ment 5 (December 3, 1899). 


L l Tonus Plastic 





T P 
-3 E 
0.0 3:90 + 0*0 vs 0:00 x 10 — v — 
-ᾱ 
0:26 — ss -- - 1580) x 10 — 
05 0:58 a 0 81 zs — we — 
0-76 — vs — A 804 πη — 
10 1:06 ο 2:49 — — si 
1:25 — vs — — 18 06 x 10 
15 -— — 4:06 — 
1-75 — — 15 62 
30 212: 671 — — 
2:5 — 4 94 16:00 
30 3:18 11:95 6 00 — 
46 — — 14°44 
6:2 6:57 98 49 5:00 — 
9:4 — 7 "E — — 12:76 
12:6 18 86 es 56°98 4:00 — 
18:8 -— es — — 9 88 
960 26:40 Se 91:91 8:50 -— 
25:2 27:00 ing 91:87 — — 
P = const. 
25:2 8:90 + 27°00 .. 91:87 . — — 
25:85 — v — à — 179 
25:5 — 9191 5 = — 
26:0 — — a — 107 
265 — 92 99 — — 
27:5 — 98 26 — — 
28:5 - "m — 0:18 
29 5 — 98:6 52 = — 
45-2 Section of the nervus tibialis. 
᾿ | 
fl dl : 
. deco 7 | 
50°0 — ον 101 05 e — KS — -8 : 
54-0 — oe — zs -— 0 27 288 x 10 | 
580 — 108 20 e — x -— € | 
600 — 108 47 κ - B — J 2 
62:5 K " = T. 015 | 9:80 
65-0 8 90 + 27°00 τα 104-97 — 2 — aie | 
Unloading of the muscle ιο 809 x 10 τ : 
65 0-rFe.. PEDEM "Te 20:9 — ^ — MM 
G5 .. T à e — — 0°54 
66-0 — E 90. 41 ET = MEE 
6675  .. — Ss — ος e — 0318 
67:5 e 8904 00 .. 20-14 — E 


sam ος 


es ME M ME 
το +" TABLE ΧΧΧΥΠ. Esperimen, 6 (December 8, 1899). 
T P ο .. L^. ποπ + ^ ΡΙβείιο, 
00. ... 190400 .. 00x10 L "MET 5 
i l l $35x10 "E 


on Cus 200 5 3-α 
405 .. 16-48 x 10 
660 1.588 (2) ` 
eT". JD. 1690 


Lo . O97 ο gagi 
15 .« 145 νε eg ο 
τ, BU u.c sic ou πε D $i 
a 2o 718 o 1T36 
; 249 ^ oOo 139; — τ κο 
"νος ΠΕ πα, - ". 1536 
990. .. 1012" 660 L a 
oe, CAS ES METTI 
5-99 Zoo 85AT 2l 0 5:60, > 
wins 68, 440) 
9454 - .. 10965: ... . 880: 


à 
e 
| 


YR OaKWASaApS 
| 


| 
[2141 4! 


Lo 9619, .. 11980... 
P = const. X 
. 19042619 .. 11287. 


SERENAN SERGEO o opps 


1 

1 — - — 

det Do da ολο - : 
ts .. — E — = . 0:54 

Qe 2. Zoonsa --. e 

5 = es den 0-40 

0. En 118-81 Me ἃ 

6: 


a" 


Section of the nervus tibialis, < 2o : ας T: 





465.7 .. — 18518  .. : -3 | 
460 .. — uUi. ορ — 1-07 -}| 591 x 10: 
46:5 . 186-98. ... — - — -= 

4T-0 us = je. . n 1-07 | 699: 
47-5 — 187:88 . .. E : M — 

48:0 : . κ αν = - (89 | 670. 
48-5 — 188-39 — + == 
50-0. — — -- 0-42 | 898 

51-5 — 139-48 , — a d. 

' 58°75 2d NE V is Ed . 4:01 
. 66:0 — 141310. ut ; 


5 
ΕΒ’ 
8 

E 


P os oe 149:17 . .. 
ὃ" uu --- 00 1449 ..-" 
ΠΕ — -. , 144-86 : 
-- .. 144-86. 
1:90 +2619 .. 14408 bx. ET 
Unloading of the muscle. ` [ wast, 8 57 x 10 η 
n. 190+00 a 51-46 ο... 2x 
os . ss 44-48 ! .. 


ITI IN 


3858518 
ος Ὁ uoc 





+ 
PES 


di 

dr XT 
1-8 

— 2°35 x 10 

— 3°42 


48-00 
' 41-99 
4L96 — 
4058 ll 





8930 >. 
wdi . 
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TABLE XXXVIU.—Ezperiment 6. 
te ο Wrst Exrension OunvE oF ΤΗΗ ÁTONIO MUSOLE. 
c T Ben L a li Plastic, 
‘ E ; κεν i -8 7 
193 —00 . 19-00, . 2 ' 000x10 .. -3 
05 ^. +35 a . 107 `: [Pist 316 κ 108 ] 
STO .. 1:0 : . 4:80 M eS Ἢ — £ 
195 :. —À ἃ et = en 4:29 x 10 
T6 ul 15. =o . . . Τδ4΄ Ἐν a 
175. .. © — M = s 4:88 
20 - $0 11:02 = 
9-95 = fra d — 5:91 
2:5 2-5 E 15-05 ES 
2:75 — = 9-76 
8:0 " 80 18-01 = 
' 8:95 — — 8:22 
9:5 9:5 20-69 = 
8:75 .. e — 8-22 
40 40 28°38 -- 
. 495 — = 849 
4'b 4-5, 26-07 — 
4°75 — ei : 9-68 
5:0 5-0 98-49 . — 
525 - = — 2-48 
ὅδ᾽ 5:6 80-91 = 
"BS i 3 = 9:14 
60 $ 160 , 88-06 EN 
πο E EM 9-14 
8.0. - 8.0 ` 41:06 — 
9:0 -- ER 9-14 
10:0 10-0 50°26 : — 
110 c s = 174 
12-0 140 58 05 — 
180. ; <= m 1:88 
14-0: 140 65:04 EE 
15:0 — — 1:07 
16:0 160 71:49 — 
17:0 - — ἢ 0 80 
18:0 ^ 18:0: 71-40 — 
19-0 — - 0:90 (?) 
20:0 20-0 82 77 : — 
'91-0 5 = PEE = 0-72 
29-0 j 93-0 . 8788 — 
28-0 — EN E 0:26 
9440. .. 94:0. ; - 9249 a — 
250 .. = * fue — M . 018 (2) 
960 .. - 26:0 "uo 97°29 " — 
+ +, 270 s e ap eo Tog 0:18 (?) 
9860 .. 28-0 - . 10186 -. -- 
28-2 98:9 N 102-12 — 
8 P = const. 
98:8 ' Ll:9--98:2' 2^7 «109219 — 
801  .. — even — 2s 0-98 
,92:00 .. 194282 ;., 108-20, . .. © -' 
Unloading of the musole. í κ. 
. uu dl 
. $820. -e.. 194-00 es `, 82-25)  ... = ds * 7 
840 : -. — ο 11:99 - — -δμ 
85:5 — + —: 0:98 | — 8:46 x 10 
87-0 αν : 8:58 — — 
89:0 d x ou = 0-47 | - 9:28 
41:0 . = ET 6:45 = = 
480 Ρ = ta 0-84 | - 3°70 
45:0 Lo — deban 511 - .. E — 
.480 .: -—o 05. — jo 0:18 | — 2:88 
51-0 R — vs 4 08 A — — 
,56:0 N μα = τ 08 | - 9:23 
61:0 . = ais 9-9  .' .. REY = 
660 -.. = 3 .. m E 0-08 | — 2°75 
'T1:0 i — i 1-88 Ys = — [939 
i . . = » — M 0-08 | — 8°82 
916—84:0 19400 .. ..^7 0-81 I" -— = 
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ORIGINAL ARTICLES AND CLINICAL CASES 


TABLE XXXVIII.—contsnued. 


, Seconp Exransion Curve or THE ÁTONIC MUSCLE 


P 


1 9 -- 0:0 
0:46 


0 90 
1-80 
5 60 


198 
A 91:60 
τ 98 40 
25 90 
và 27-00 
& 28:69 
P = const 
1-9 + 28 62 
.. 11 9 + 98-62 i 
Unloading of the muscle. ` 


19+00 


ae a 


19+ 


e 


‘0 


L 


0 94 
3-76 
9 67 

90 96 
9117 
40 85 
49-45 
56-97 
63 96 
70-41 
76-92 
81 97 
87 07 
91 64 
96 31 
100 51 
104 81 


- 10851 


108 57 
109 25 


86-14 (9) 
10:84 


8:60. 


T 65 
6:99 


6:45 


-3 
000 x 10 .. 


Plastic. 


[ Blast. 2 09 x ιο] 


974 
4-02 


875 - 


087 
081 
0 88 
027 





| 


i 


--- 3:96 
] 


dl 
ar * T 


-3 
— 244 x 10 
— 1:51 


- 8 91 


a.m. 218 
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TABLE EXXXIX.—Esperimeni 7 (December 1, 1899). 





ms i P T ' L Tonus Plastic., 
E -3 7 ‘ . 
OO. .. 385400 ...,.004210.. 6 — ... =) 
pa i —8 ; 
095 :.. ME IAS — .. 269x10.. --. 
0:5 0:80 p 1:61 o.oo vs — 
: : 20-8 
"0-75 — 4 98 .. 8298 x 10 
1:0 1:20 E 4:57 '.. — T — 
r5 .. --- Ts eo0T7TAT .. 8200 
92., ων 940 ".. 1817  .. -- S —' 
9-25 ’ -- ES" — és agit 
2:5 3°00 C 18°04 x oe, 81:8 88 
215 — | .. — .. -B 96 
8:0 861... 98 38 Pr T 8 6l 
3:25 '— s ---.ν 8:06 
8:5 - 4:21 ET 28:29. 
59 ...' 6:25 T 43°27 
BT. D λες — 6-72 
6.1. 745 S 51°38 6-49 
67 — on. -- 6 aT 25-5 dd 
πο 865 '' .. 58°86 m 
11:6 18-94 "> .. Β600 en 
12-1 ον πο δι AB 
19:6 15:14 ex 9187 ἘΣ 448 
18-1 — ᾿: .. — e 4 48 
18:6 : 1684 ^". .. 96°75 EA 
20-0 2404 ' .. 19524 EN 
20:6 --. as — eo 8 18 
210 95-94 .. 129-00 9:02 
21:5 m — "m — $ E. 9ι 
, 92:0 s 26°44 .. 182-49 
22:8 8:95 + 27°40 .. 18491 
P = const. .. 
99:8 , 3°95 + 27:40 .. 184-91 : — -- . 
» 959 E — TN — Sex. tes Ux 0:98 
25:0 .. &95.-27:40 .. 18708 , .. — NI -— . 
Unloading of the muscle. i ᾿ 
25:0 -- ὲ 83961500 a 64-98 (9) Wie sms OS --- 
860° ., =: .. 6671 .. --. . = 
490 .. — ae 85871 o ---.. 000 
460 — ε — ., .. 56671 e -— f. — dl 
Beotion of the nerve. MA dr 
46-0 = .. -—914 ος = -ᾱ 
46125 - M = = 10:75 184 x 10 
46 25 — 4 — 6'45 -- ...: --.. — 
46 875 ' LAM == — à 4:80 1:01 
46:50 | u— te —b9T — ev -- . — 
46°75 -— — ^ — 2-70 2-02 
470 " — —4-08' — x E 
4T: 5 zc -- -- 1:61 2:49 
480 — .. 05.  —29:48 — — ---. 
49 0 = ete, Ὁ) ος —  .' Ob. | 161 
500 `- — —184 — y --. 
63°7 A ὦ εν — — 0:18 1:40 
bTA — A 0-0 — = cd 
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?ogBESBBbOooaoueocwiperoooo 
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Rew: 


à 


P 


8:95 + 0:00.΄ 


0.1 . 


16-64 
s 
94 897 
28-63 


P = const. ` 
: 8:985 + 28:62 


Ll, ^ 8:95 + 28 62 


8-95-- 0-00 


BECOND EXTENSION Cunvi or THE ATONIO MUSOLE. 
[4 . ΄ z - 


.. 895-4 0:00 
b 0-67 
' 188 
ver 
) 4-00 
5-38 
8-00 
1000 — 
' 19:83 
20-00 
96-66: 
* 82 26 
P. = const. 
8-95 + 82-26 
9:95 + 82-26 


^ 9:95 4: 0-00 


366, 


L 
--8 
0:00, x 10 
lO: 
4-08 


1048 -.. .. 


18-27 
26 61 
42-79 
58-05 
79-56 . 

‘ 101:59. 
199-68. 
189-75: 
15459. 
167-16 
`- 167-16 
168-24 


: -3 
0005-107 . 
i 134 
2-09. 
591 
10 21 
16-98 
c 
43-54 
53-21 
75-19, 
9406 ^ 
' 108-04 
108-04 
110-19 


TABLE XL.—Ezperwneni 7. | 
FIRST EXTENSION CURVE OP THE Ατοπιο MUSCLE. 


Unloading of the muscle 


"811.2 


oe 


Plasto. - 
[miast.2-40°x 10 ] ^ 
018 


; 3-08 A 
4 05 


045 3 


2 A usd RES -3 
Unloading of the muscle [giast. 2-80 x 10 ] 
88:15 πα. το = 


[xnast. 2-40 x 10 ]- 
od : 

' 040 
054 -' 
1:68 
405. 
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[east ads x 16]. 
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TABLE XLI.—Eazperiment 8 (December 4, 1900). 


* Tonus ' — Plastic. 


*l 
He 
Ee 


. i DN - . - nd B T - 
r ++ BB+00 νο 00x10, .. — "a — 
exi —- .. --- | s^ 045 x10 .. ᾿ -- 


bo 
-ᾱ 
o 
> pa 
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nad ns ο”... "e 


99-0 - 


SADARMUOOASASKOH ooo 
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se | 
Ep 
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33 
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81:0 


Sb. £5559]gu555BbEoaenen como 2o o0 


^" 6o oocoóóóoóoó 
H> 
n 
o 


88-3-197-65 890 | - -- s; = 

P = const." 1 

: 88 + 127-55 89-0 .. Ηλ... — 
: a — . .. -- -- " ο od t 0°88 
50- . 98-121: 65. 0 9075 SA — οκ — 


; a ouis cathe le ans ey -8 
: i E fs Doc ` Unloading of the muscle [zast. 0'47 x 10 | 
4 Γε .. 884 00- e 58055 c5 i—c «. — 
es ^s - 2 RE T -3 
‘Elasticity of the muscle during the interval (0—1") = 0:45 x 10 
Man à : ES 
Elasticity of the muscle at the unloading = 0°47 x 10 


5 


x 000, (a. - aa Iga. ὃ e -= A) Dif. 
. 13:6 V — 1:947 i — t-851 oa '— 0:004 
260 ° --. — 129312 ..": me 1918.  ... — 0001 
400 '. 2o ..— 1198 ds —1181  '.. — 0:008 
Nos -8 ως Su 
i A06’ O = 0028 x 10° ^0; — — 1684 

E m .. . Length ofthe muscle, 11 omi ^ 
t". ` Weight of the musole, 87:5 grm, 
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TABLE XLII.— Ezperiment 8 (December 4, 1900). 


P (ho. 0s Tonus . Plasti, ( , 
à; o i 


a OBL O noo o τμ 


-Aapee aO Ὁ 


. bo Φοῤόφφφθφσιοφιιιώθσθόόθο ὅσ ó.4 
e 
c 
οι 
o 
al 
to 
A 
ο 


D -ᾱ ον HD co 


L. 98414661 ::' 9576 . ... c i + 
'P = const. ; : . . ul e 
.. 88-1461 ^ .. ' 9676 au: ed m ME Ds 
Pur Mrd ὃς — C MES EU ‘OF 
.. 88414681 — ... OTB. ... :-- . .. . A As 
: à ον 
wae Unloading of the muscle [sas 0:88 x 10. ] 
BLO +e -.. 88400 ..; 895 E = i n) mer οι 
i ' Plasticity of the muscle during the.interval (0—1*) = 0:84 x 10 ' 
͵ 5 à -9 
Hilasticity of the muscle at the unloading ' . | -— 089 x 10 | 
O(a - 55 . Ign.O,(P— 24) , , Di. ."' 
2 yio - 1411: .. να 400 e. O01 | 
6 πα - 19984 2 - 1961 A — 0-007. 
Ὢ : .. -:111δ m 1493 . .. — 0-018 
0 


po corn 


— 1045 "7"... w= 1042 εως + 0:008 


. * og . $ ` 
A=06 Ο, = 0084 x 10°' - O, = + 1742 


4 . 


Dwr 


ees Bare aes . s 
κ UGUWOCAqQUma Ioui t Po Ὁ 
Sob ᾠὠφφοφφόφοφσφινιθιόφώθσφο SGA ὁ 4 


640+ € 


« 


P 
* 88-00 
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μεν «θες 


t 


5-02 


` P'- cons. 


.. 88-4145-40 
.. 88414540 


88 + 0-0 


A c 056 
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TABLE XLIIL--Ezperwnent 9 (December 6, 1900). 


Torus 


00x10... — 


Ep teq t 
© eat & 


58585 


hs 88:0 


48-0 


— 0968 


‘ -3 
O, = 0189 x 10 


rii 
020x10 .. 
0'40 * 
0.50 
of — 4 
750 0:50 


869 


es Εν i is 
Unloading of the muscle [ wast. 0:26 x 10 ] 


Lgn. Οι (P - Δ) 


O, = — 1888 


Length of the muscle, 10:5 om. 
Weight of the muscle, 34-2 grm. 


- ‘ -3 

Elasticity of the'muscle during the interval (0—1") = 0:20 x 10 
ἃ - -8 
Elasticity of the muscle at the unloading ' 


Ἂν AL 
&(a- 5 


= 0:26 x 10 


£, m : D4 us 
i MD. τ 
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| TABLE XLIV.— Experiment 9 (Deosmber 6, 1900). 
T „P L - Tonus. Plaatio. 
: αἱ 
0-0 88 + 0-0 00x10 .. = m ES 
- à ο -8 
ο. . c QU ex wo ques 26x10 n. = 
10 2-9 0 055 ro αν ἃς CORE 
: : -3 
15. = 2: € T 0:48 m 44 x 10 
90 5:8 > 20 n as * pi 
25 = bat anh ιν, «ος 0-59 Bs 45 
8-0 Q87. .. 85 PE M $ = 
8:5 --- ` a — s 0:52 Sii 4-4 
4-0, 11:6 . δ Ru uon ον ». a 
4:6 = » τας Ks: kt fuge zen ἡ 4:4 
532. 1508 .. το. τ τς κα d 
6-2 1198' .. 90 . ... -069 47 
. T9 2088- .. 110 ML a = 
9:5 ue SN qe zu Es * 4-4 
16 , 8968. .. 1995 ϱ00 ote ] 
19:6 - 86-58 ^ .. 2195 0:60 ig 49. 
18:6 8948  .. 92975 ` (OR Ed 
25-0 79:9. — .. 4155 is d 5 = 
36:0 (1589 —:.- 480 a 0-59 a 87 
. 87-0 78:900 .. 445 " ΒΗ A ος 
38-0 = A = πι pu ae 35 
89-0 - 1808 .. ,᾿611δ' ορ . 
400 2) 11598 — .. 68:36 | 0-47 os 8-4 
41°0 188  .. δι AB I. Ws we 
45:0 s = INA C NEC 0:49 E = 
48:1 ..98--14L91 .. 740. .. m εν τα 
P = const. s : ] 
48-7 .. 88 + 141-21 a is = 
52-0 m = bs πο ο uu. «sa ^ 05 
64:8 ..884-14191 . .. κας M m ec ον,» 
: ; | 5s 
Unloading of the muscle -[rtest. 0-27 x 10 | 
54 5 ma s -- 


‘Bre ..884 00 . 890 
. . . ; "ET 
: Elasticity of the musole during the interval (0—1) = 0:26 x 10 


; K -8 
Blasticity of the muséle at the unloading ^ 50:27 x 10 
: AL ` : 
- : ΞΕ «Οἱ {5 — Δ - Diff. 

τ Qa- Ξ Ign.. Οἱ (e — A) l 
6:3 — 1:126 — 1:122 0:004 ' 
19:6 ' — 0979 —. 0:986 — 0007 | 

36 0 — 0849 - — 0 848 + 0-001 

400 ! — 0767 . - 07766 x + 0:001 
-8 . 

A = 05 O, = 0148 x 10 . O = — 1683. 
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TABLE XLV.—Ewperimeni 10 (April 6, 1908). 


' 


T P : "τι Tonus 
: --ὂ . κ á 
00 . m 50 +0 is 0:0 x 10 i -3 
1:96 τε 89 a ' 00 : 0:06 x 10 
815 2 267 199 . | 0-05 
6:25 445 " 19-8 si — 
6:5 468 95:8 E. — 
9-0 κε. 641 = 88-7 E 0-07 
1136 θα 819 ie 516 s = 
11°75 ως 886 H 51:6 e za 
14-95. . 1014 64-4 0-09 
16:16 1199 ' 88:8 ES 
900 . 1494 1096 i= 
22:5 1602 1989 0:11 
' 95-0 1779 1483 — 
82-5 9818 ` ; 219-7 = 
85:0 : 2491 232-0 0:18 
875° 2689 257-7 — 
410 2918 290 0 = 
48:5 3096 841:6 0-25 
46-0 8274 , 8800 a 
52:0 8701 410:5 = 
` δ4-δ 8879 502-7 0:18 
57-0 4051. α 584-9 Eu 
- 65:5 : 4662 625-2 = 
68-0 4840 644-5 0-11 
70:5 5018 668-8 REN 
82-5 5872 721:8 τ 
85:0 is 6050 M 798:8 , 0:04 
87:5 .. δ0 4.6228 vs T8447 m 
P = const. i T 
. OTB ^ .. -50 +6228 κ zi 184-7 5 — 


* — TABLE XLVI.—Eaperiment 11 (March 16, 1908). . 
nep i L Tonus 


REBSSESEBBERE 


T L 
0:0 Ses “50 +0 A. 00 x 10 ΣΉΝ -3 
1:95 δια Lom x δα } S πας 
9-75 ^ 275 $t 516 ds 0:18 
6:25 » 458 T8 . 2. — 
6:5 s 477 M ' 90-2 μα = 
9-0 2s 660 = 1418. κ ND 0:80 
11:5 " S48 199-8 ` . — 
1175 ze 862 8063 a 
14:25 2 1045 270-7 0-89 
16°75 7 1298 848-0 H 
20:0 i 1467 495-4 -- 
9930 is 1650 416:9 0:98 
0 2 1888 598-5 = 
b ie 1870 ' 5414 = 
0 m 2053 5801 0:21 
5 2s 2287 618-7 — 
B. D ` 9888 644-5 -- 
0: ee 9567 670-8 0:15 
5 zx 2750 696-1 EN 
0 ος 8007 798:8 — 
ὅ ο 8190 ῃ41:9 0:07 
0 fe 8873 : T54-1 y 
0 es 8818 : 778-4 = 
5 t 8997 TI8-4 0-00 
87-0 .. 60 3- 4180 778-4 = 
P = const , i 
69-0 .. 5O + 4180 173°4 — 


T P L 
+ -8 
0-0 50 + 0 0:0, x 10 
1:25 a 70 85 . 
8°75 210 84-2 
6:95 * 850 68:4 
6:5 864 TIO 
90 504 128-3 
11:6 648 188:2 
11:78 - 657 198-7 
14°25 5 - "97 2185] 
16°75 937 850-7 
300 1119 470°4 
22:5 s 1959 564-4 
25:0 1899 675-7 
82:6 1818 1017:8 
85-0 1958 1128-9 
87°5 ser 2098 1228°0 
| 410 2994 1384-8 
19:5 A 2484 1419-8 
460 E 9574 1505:8 
59-0 2909 1684-9 
54-5 8049 1768-8. 
57-0 8189 . 1821-7 
655 8665 2027-0 
68:0 8805 20869 
Τ0:ὅ. 8944 2129-6 
82:5 4616 2249-4 | 
880 o ... My + 4756 99750 | 
P = con 
90°0 ais “50 + 4756 9975-0 « E : 
* The movement of the foot i is checked in the malleolar joint 
` TABLE XLVI. —Egperiment- -1B (March 9, 1902). 
T P τ." ^ 
-* 
QUO . 50 +0 , 00 x 10 
1:95 ; 51 257 ^ 
3°75 , 159 77-0 } 
6:25 258 1197 A 
6:6 964 119-7 
9:0 865 Hi. 
116 466 222-4 
11:75 . 476 2909 
14:25 578 290-8 
16-16 679 850-7 ᾿ 
3900 811 486°2 
22:5 912 504-6 
25:0 . 1018 5673-0 
92:5 1817 TI8:8 
85°0 -1419 855-3 
|" 875 * 1520 . 982°3 
41:0 1662 1084-9 
48:5 1768 1190-4 
46:0 : 1865 1206-9 
68.0; -- 3108 18041 
665 4 ss 2209 1462-5 
57:0 . 2811 1592-4 
855 as 2655 1078-4 
680 es 2757 1780-2 
70:5 ss 2858 17790. 
82-5 ss 8844 ` 190944 
85-0 «s 8446 . 1950-0 
87:5 .. 50 + 8547 1987-1: 
P = const 
.. 50+ 8547 1967-1 
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TABLE XLVIL— Experiment 13 (April 6, 1908). 
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oc 
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0:46 


= , 8 
0-51 x 10 
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TABLE XLIX,+Enperiment 14 (November 29, 1899). 


t 


. ὋΝ MUSCLE TONUS 


T P 
Ἔ 
0:0 .. 291-500 
0:96 ὄπ = 
0*5 0:51 
0-75 + 
10. 1:08. 
135 = 
15 " 1:58 
175 a = 
2:0, . - 9-05 
9-95 E — 
9:5 ty 2:56 
2-75 — 
8:0 8:07 
8:95. 3 — 
3:5 ` 8:58 
48 c = 
6:3 6.84 
8:4 τ 
100 | 78 10:80 
105.| EB — 
11-0 BS E 11:96 
15 | BER -— 
12:0 BS 12°28 
19:4 
4-5 14:88. 
4°75, — 
5:07 15°85 
5°25 — 
5:5 15:86 
16°75 --- 
16:0 16:97 
1T:9 P vs 
18-0 8.55 18:40 
185 | Boo — 
19-0 ES 19:48 
90-0 ES 20:46 
21:4 ; 
25:4 ' 95-98 
97-4 --:. 
29:8 0. 0, 99:91 
P = const. 
29:8 .. 1:904-29:97 
39-6 ES - 7 
80:0 -- 
81-0 M di 
. 890 i Na À —, 

83:0 .. 1942997 . 

S Unloading of the mus 
880 -- ε .. 1:9 4- 0:0 


cle ., 


Tonus 


| E 


373 


zo e Y ο H H κα 
II I&II ο ο ms iod ue d 
853 ο απ 8 ΕΙ 8 


m 
E 
ν 
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MAS. 


a LI 4 t . = M , e 
* 3 2 A £ 5 ΄ 
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TABLE L.—Experiment 15 (Novèmber 26, 1899). 
T. l P sD , ^ Tonus Plastic. : 
: es [ 
00 . 1:9 + 0700 0-00 x 10 .. ο. Ss -- 
£ —8 
05 0:54 1-61 8:45 κ 10 ..- - 
i ` te a8 
075 o CES oem = 8:91 1617 xl 
1:0 A . 1:09 816, . ire Qus 
1:25 E — — ] 5:48 τα 
16 1:68 6:79 — 1T98 ` 
176 m — 7-88 — 

* 9:0 238 ~ .. 10775 Be y thes! Yr πώ = 
9-96 E XS ==> m 697. | .. ATOR 
9:5. s g49 .'.. 14:51 zi — ος .. να 
275 oe — κε τ -- ο. 659 . .. 421 
80 8:97 e. 1814 vi s Ne. Po 
9.8 — e — ae Y = .. e 
85 la 9:81 , 9811 = za 
3°75 E -- ---» 6:97 ' 16:80 
40 | Β 4°85 26°87 — s 
496 | 5 — --- TAT 17°31 
«δ | ΒΕ 4:90 30 91 = n 
476] Β . .. = M — 7:97 16:45 
δ.0 9 B44 84:67 n C : 
55g ἀν j Me 6:90 16:99 

: 6ο |3 è 6:53 . s 49:319 mee anh 
65 JE . — = 5-92 ’ 14:96 
TO |E 7-62 n 4804 - et 
T5 |y = — 6:66 :15:56 
80 | Β 8'71 EX 55:90 MC ως 
8:35, ὁ, HA — Se — δε 5:97 16:68 
85 |©. .: . 936 i5. ΔΑΝ... ὠς m opis 
8:6 ; E Mer EUER = us 

116 12°68 71:18 = E 

19:1 — — 4:68 19:08 

12:6 19:72 89-94 — ο. 

18:1 — H — 4:68 19:57 

196” E: 18. 7... 8084. .. - — --- 

92-0 .. . 29895. .. 19094 ^ '.. = ΚΤ 

29-5 . ES An — ij... + 890 10-68 

28:0 .. ' 95:04 .124-97 EA obs 

28:5 : Z i = 8-70 . 10 62 

140 2 26:18 . 19900 Ln nt 

944 Ην -- i — 8:70 = 

24:8 P 21-0 ... 18922 S — 

^| Pe const, C sedo : 

24:8 ..1:9-1- 27:0 .. 18222 sents ο 

26-0 : Mn .. 18276. - 2 

96:5 E — , ee ze? = as 0-64 

27-0 — ve 4889807 ων : -- N m 

27:8 — — B4 ee 7 7 0°45 

97-6 19--97-0 188-57 vs — e zum 

‘ ' . Unloading of the musole [Elastic $-68 x 10 Ἴ i 

276 +e 19+ 0:00 86-82 . M RE » MT 

28:5 ` = κος 10°75 (9) s. — Β πο 

39:0 Ὧν ts — o. 2. S0 - 935 

29:5 . = . 8°60 k Py — Š FS 

80:5. τν — Ν = Š zS ye ISN 

81-δ. - τ j 6-45 : m id : 

. 829.0 Mu nM m zs = zi — κ. 0-044 

82:5: ..1:94- 0:00 : 5-91 x zm = 


Re 


. 915 
TABLE LI-—Ezperiment 16 (October 25, 1909). 








T P L 
00 1:08 + 00 m 0:00 x 10 
10 101 s 1:65 E 
90 2:08 x 5"TT $i 
2:5 = A m m 
30 8:08 E 11:64 
8:5 es κ eM 
40 4:04 Ὃν 18:68 
45 s p» a 
5-0 5:05 κ 25-88 
5'4 ans di s 

.55 5:56 m 928-85 
5:55 = nis 
5-6 5:66 i. 29-95 
5-65 eu : is 
5-7 5:16 E 30-50 
6°75 {58 2 2 
58 5:86 . 81:05 
5:85 ο ΚΣ 
59 6:96 81:99 
5-95 — ος 
60 7 6:06 81:96 
6:05 s = 
61 6:16 81-05 
6-15 = H A" 
6:2 6:96 80-22 
6:95 ni n 
8-8 6:86 30:22 
6:85 = ES 
6:4 6:46 80°58 
6:45 oe a 
6:5 6:56 81:05 
6 65 pes --- 
6:6 | 2: 6°67 8188 
666] Ẹ zu ος 
6-7 3 6-77 9199 
6-75 | 5 us pti 
68 | δ᾽ 6:87 31:82 
6:85 | P — ve = 
69 18, 6'97 81:60 
6°95 "3 — — 
70 ld ΤΟΙ 33-15 
7-05 | E ou το 
710| E TT 32-97 
715 | & "a ie 
T2 | d 7°27 84:07 
725) B hee HE EN 
T3 | 9 7-897 35:44 
7:85 Rd ΚΝ 
TA 7:47 ` 96-82 
T45 a pes 
T:50 T:5T 87-92 
7-35 s EE 
7:60 7:68 89-01 
7°65 as KI 
7°70 7°78 40°11 
7715 = : a. 
7-80 . 1:88 vA 40:04 
7-85 = c ie 
T9 à 1:98 41:49 
7:95 ; Bec -- 
80 : 8:08 49-04 
8:5 M ae Th 
9:0 N 9-09 47:26 
9:5 : <= M 
0-0 : 1030 51:98 
0-5 i t i bee 
10 : 11-41 85-77 

115 : ο E μαι 

190 = 1918 jt 59-85 

19:1 19 98 " — 


+ 
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[THESE TABLES SHOULD BE READ IN CONJUNCTION WITH CHAPTER III. ] 
THE Isotonic CONTRACTION. 
TABLE LII.—Exzperiment 6.—TrGERSTEDT and WILLHARD. 


No. P O,P—A) L. obs. Τι. σαῖς, Const. No. P O,(P—aA) Τι. obs. L.oalo. Const. 
1..65.. 69 ..18 ..92 |) & 8..95.. 760 .. 67 .. 61 | 8 
2..70.. 184 .. 44, .. 40 ò 9..90.. 661 .. 66 .. 666 5 
8..1δ.. 999 .. 64 .. 52 [gi 10 .. 85 .. 548 .. 62 .. 64 [gi 
4..80.. 415 . 61 .. 60 } [5 11.. 80.. 494 .. 618 .. 60. >19 
5... 85b .. 580 .. 66 .. 645 | 4B 12 .. 75 .. 826 .. 50 .. 635 | q5 
6 .. 90.. 645 .. 605 .. 6-7 | a 18 .. πο... 27 .. 48 .. 485 a 
7..96.. 760 .. 675.. 675 J ! 14 .. 66.. 109 .. 81 ..29 J | 


οι 


TABLE LIIL— Ezperimeni 28.—' T1GERSTBDT and WILLBARD. 


No. P O(P—A) L.obs. L. calo. Const. No. P O(P—A) L.obs. Τι. calo. Const, 
1..40.. 034.. 095.. 08 90 ..85.. — ..108 .. — ) 
2..49.. T9 .. 96 .. 84 21 .. 80.. — ..1085.. — 
8..44 .. 14 l .. 515.. 58 99 .. 7b .. — ..1085.. — | 
4... 46... 90-5 .. 6:65.. 6:65 98 .. 10.. — ..1086.. — 
5 ..48.. 919 .. T8 .. 78 io 24 .. 68 .. — ..109 .. — | 
6 .. 50 .. 847 .. 8:9 .. 8°65 55 95 .. 66 .. 90°19 .. 10-85 .. 10:17 5 
T.. 598 .. 416 .. 9:45.. 9:8 | o 96 .. 64 .. 89:1 ..10:9 .. 10-87 ò 
8.. D4.. 485 .. 98 .. 98 jol 2T .. 62 .. 760 ..109 ..109 o! 
9... 56 .. 554 ..1015..1015 | aS 98 .. 60 .. 686 .. 10:9 ..10:9 od 

10 .. 58 .. 69:8 ..10:4 ..1085 29 .. 58 .. 61:5 ..11-05..108 p * 
11.. 60 .. 69:1 .. 10:46... 10:46 | IS 80 .. 66 .. 54:4 .. 1075 .. 105 Wg 
19 .. 62 .. 760 ..105 ..105 | de 81.. δά .. 414 .. 104 ..101 «ὦ 
18... 64 .. 89:9 .. 106 .. 10:46 1l 89 .. 52 .. 408 .. 100 .. 9:55 1 
14 .. 66 .. — ..1065.. — 5 88 .. 50 .. 93-2 91 .. 8:8 S 
15..68.. — .. 1065.. — 94 .. 48 .. 26'2 8-0 .. 79 
16..70.. — 107 .. — | 85 .. 46 .. 191 66δ.. 6-65 | 

17 .. 75.. — ..107 .. — 86 .. 44 .. 190 .. 40 .. 495 
18..80.. — ..107 .. — 8T .. 49 .. 49 00 .. 97 | 

19... 86... — 1075.. — 88 .. 40 .. 00 00 .. 00 jJ 

TABLE LIV.—Ezperiment 88.—TIGERSTEDT and WirLLHABD. 
No. P O,(P — A) L. obs. L. calo. Const. 
i5 
1 56 19:2 5:8 e 568 ἡ} 3 
2 60 38-4 P T-8 » 78 pe 
8 EE 65 4T-6 " 8:8 oh 8:95 * 
4 E 70 ss 61:8 . 9-4 τε 9:5 EN 
5 A woo .. 76:0 : 9-65 S 9-65 Ia 
e 

TABLE LV.—EzperWnent B2A.—TIGERSTEDT and WILLHABD. 

No. P O,(P—A) L.obs. Τι, calo. Const. No. P O,(P—A) L.obs. L.cale. Const, 
1.. 41.. 6T.. O5 .. B65) 5 11.. 864.. 160 .. 144 .. 138} Ὁ 
9.. T7..185.. 665.. 665] o 19 .. 88-8 .. 68:4 .. 1875 .. 1916] ὁ 
8... 109... 906... 885.. 855| ıl 18 .. 28-8 .. 599 .. 19:9 .. 18°55) | 
4... 144... 281 .. 102 .. 101 [15 ϱ 14 .. 95:9 .. 638 .. 1965 .. 181 | 6 a 
5.. 181..961..110 .. 118 |7 16 .. 21:0 .. 44.7 .. 194 .. 12% 15 
6 .. 21:6 .. 48:8 .. 120 .. 1916{ l 16 .. 18:1 .. 87:8 .. 11-4 .. 11-65 la 
T.. 96:32 .. BL6 .. 122 .. 128 | am 17... 144 .. 994 .. 108 -- 105 | απ 
8.. 988... 59:4 .. 180 .. 19:23 |. ~ 18 .. 109 .. 99:0 .. 97 .. 905) 7 
9.. 89-8 .. 68:1 .. 194 .. 184 l 19 .. ΤΊ .. 168 Tl .. 78 l 
10 .. 86'4 .. 760 .. 186 .. 185/ ο 20.. 41... T6 11δ.. 46] dg 
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TABLE LVI.—Ezperiment 2.—Von Karas. 


P O,(P—A) L. obs. L. calo. Const. 


17.. 00.. 80.. οὔ a 
.18.. 51.. 80.. 92-75 F 
30 ..152.. 55.. 58 | ς 
92 .. 95:8 .. 60.. 775 | -Ό 

.94 .. 85:5 .. 90.. 91 1 
. 96 .. 456 .. 100 .. 100 | 45 
. 98 .. 557 .. 10-2 .. 106 - 
82 .. 76:0 .. 111 .. 10-95 1 
o 


ΤΒΟΤΟΝΊΟ SERIES. 


P coulombs Τι, obs 
-10 
95:4 x 10. .. 29:80 
274 29°64 
29 6 29°98 
80°8 80-80 
89:6 80:60 
960 z 80:96 
88:1 81:29 
83:8 31:60 
88:8 81:92 


No. 


P O,(P—A) L.obs. L.oalo. Const. 


M 
82 .. 760 .. 11 .. 111 S 
98 .. 554 .. 101 .. 10°75 1 
96 .. 451 .. 101 .. 101 | à - 
34 .. 848 .. 88... 915 | 59 
89 2 945 . το, ΤΥ͂ [Ίο 
20.. 169 .. 55 .. 56 | qc 
18.. 89 .. 36... 38 j^ 
17.. 00.. 26.. 00 S 


TABLE LVII.—Heperiment 8.—COYBULSKI and ZANIETOWSEI. 


P coulombs L. obs. 
88:4 82:18 
898-5 82:54 
386 89:81 
88-7 38 07 
388-8 88:48 
889 88:74 
84:0 34-01 
84:1 84:89 
84:9 84:41 


TABLE LVIIL-—Ezperimeni 2.—OyBULSEI and ZANIETOWBEI. 


ISOTONIC SERIES. 


P coulombs €; (P — A) 
-11 : 
26:8 x 10 ux 00 
26:80 m 2°86 
27°17 os 817 
27°68 .. 18:84 
27-90 . 18:64 
28°80 "e 24°88 
28:00 x 28:68 
28:96 tu 98:84 
29:80 88:72 
29-60 48-02 
29°98 48:67 
30°80 58:16 
80:60 51-86 
80:96 62:62 
81:29 67:85 
91:60 71-70 
81:90 76-00 
32°18 80:8 
92:50 - 84:6 
82-80 -- 
38:07 — 
33:48 — 
88-70 — 
84-01 — 


L. obs. L. calo. Const. 
10 0:0 
9:8 4'65 
8:6 10:05 
148 18:05 
10:9 17:0 
19:6 19:8 
30-9 91:16 i 
99-4 28:15 Ξ 
980 94-55 o, 
96:2 95-56 ] 
26-4 26°65 Do 
96:53 27-2 a 
28-0 27-75 y 
28:3 98:15 ad 
28:8 28:4 ui 
28:4 28-46 yk 
28:6 98-5 η 
98:6 28:4 5 
28:7 28-8 
98:8 — 
28-9 — 
99:0 -- 
29-9 FE 
29-9 —: 
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TABLE LIX.—Ezpeimeni6.—Ü0vBuL8KI and ZANIBTOWBKI. 


Ίβοτοπτο BRRIES. 


À.) 
P coulombs C, o L. obs. L. calc. ^ Const. 
-10 E 
10 x 10 : 00 : 0395 . 0:0 
10:95 i 0:0 Še 4-0 0-0 
11:85 5-87 61 7-95 
19:65 11:40 y 11:6 115 
18°40 16:58 14:8 14:6 m 
14:15 21:76 167 17°0 5 
14:85 26-60 Β 90:8 " 18-95 o 
15:50 81-09 31-5 = 90-4 ol 
16-10 85-94 21:6 21-6 Hg 
18-15 89-78 22-6 29-05 f T, 
17-30 48-53 99-9 93-45 4g 
17-90 4T-87 24-8 94-15 © 
18-45 51°47 25-0 : 24-7 L 
18-95 54-98 An 95-9 95-1 [5] 
19 50 68-78 25-4 95-4 
20:00 62-18 95-6 : 25-7 
20°50 65:64 25-8 . 35-9 
9096 6874 a 960 : 26:0 
- (B) 
14:16 x 10 0-0 n 0:25 0-0 
14-85 0-0 : 0:25 0-0 
15 60 8:0 : T-6 9-5 ὃ 
16-10 19:8 ας 19-8 18:0 ò 
16:76 18-0 4 16:6 16-05 ο ll 
17:80 2944 . lr 18:15 ET) 
17-90 97:9 197 90-0 n 
18:45 . 816 21:0 21:6 49 
18:96 85:6 934 . 22-8 n 
19-50 40-0 24-0 | 28-9 τ 
20°00 44-0 24-9 : 2475 d 
20-50 48:0 25:1 ; 95-4 
90-95 ο δ1:6 96:0 É 960 
TABLE LX,.—Ecperiment of OYBULSKI and ZANIETOWBEI 
ἸΒΟΤΟΧΙΟ ΒΕΗΒΤΡΒ. 
Curve I (Twitch). 
P coulombs A ο, (P— A) L. obs. L. calo. Const. 
87°41 x 10 0-0 . 0-25 00 
88-78 i 00 : 0-75 0-0 ogs 
40:00 9-99 15 15 | gue 
41-28 b 90:90 m 4-0 575 lua 
49-43 ES 88-44 E 75 TU μα 
44-72 .. o 7190 — .. 9-0 90 ve 
P Ourve IL (Tetani). 
87-41 x10... 00 τ O75 .. 00 
88:78 ; 6-62 8:0 τᾷ 81 | ο 
40-00 14:40 18:5 196 | ως 
41-28 21:95 16-5 17-4 ΠΕ 
43-48 20092930 —.. 900. : 20-9 LA 
44-19 4984 o 24-0 . 999) 190 
TABLE LXI.—zperiment of WALLER. 
P O,(P— A) L. obs. Τι, calo, Const. 
1:59 : 00 ey 0-0 . 0-0 
1-65 BE 7-24 " 40 41 FE 
1-79 a . 9-0 ; 87 | 58 
1:97 45:B4 19-0 116 P YTS? 
239  .. 6515 19-5 125 | «a τε; 
3:83 ss 88-07 . 12:5 19:4 vo 
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o 


1.. 15 
8.. 16.. 
5.. 17 
7.. 18 
9 .. 19 
1..90. 
18 .. 96 
15 .. 80 
17.. 40. 
19... 50 . 
al.. 60. 
98... 70 
95 .. 80. 
απ .. 90 
29 ..100 
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TABLE LXIIL -—Ezperiment 11.—GILDEMEISTER, 


Ounavz I. 
No. P O(P—A) L.obs. Τι. calo. Consi 


.. 149 


217 .. 
.. 285 .. 
κ. 853.. 
Se 431... 


8°75 
** 9:35 
12:25 
12:50 
15:25 
16:00 
16°75 


17 76 


“47-50 7 


19°00 


"19 25 °° 


18 75 


"18°75 "* 


19 00 


"19-00 °° 


19:00 


' 19:25 "7 


19:00 


* 19:00 °° 


19-00 


“19500 °° 


19 00 


* 1995 7 


19-00 


19500 -- 


19:00 


~ 19-00 "' 


1500 7 
16:00 °° 
17°00 '' 


.. 1070 

.. 12°45 
14°35 
15°80 
16:96 


19:00 
16°42 


17:80 


` 


A = 128 
Οι = 6-78 Ος = 0'108 


No. 


979 


L. obs. L.calo. Const 
00 - 8:84 
3:86 4:84 
4 96 4°77 
5-12 Bld 
5-44 5:47 
5-46 574 
5-47 5-08 
6-98 6:18 8 
6°37 6:35 Ex 
6:89 6:49 o i 
6-10 6:68 = 
6-72 678 | ko 
6:74 6'81 n 
6:76 6:88 a? 
6:85 6:85 e 
6:88 6:82 1 
6:85 = e 
6:86 — o 
6:88 -- 
6:89 -- 
6:88 — 
6:87 -- 
6:90 a 
6:68 — 
Ourve II. 
P O(P-—aA)L.obs L. calo. Const. 
. 15.. 06.. OO .. 116 
. 16.. L1.. OO .. 202 
IT.. 17.. OO .. 981 
18... 22.. 00 3°52 
19... 28.. 00 4°16 
. 90.. 88.. 00 4°19 g 
. 28.. 61.. 00 7:49 F 
H en 
. 80.. 89.. 00 ..1136 [YO 
1 11:00 : «Ὁ 
-40.. 14δ...Ἴγ.ορ ++ 188 S 
. 16-00 . 
. 60 .. 290-1 .. 1606 -. 1615 2 
; 19 00 : 
. 60 .. 95/7 .. 1900 .- 1846 
. 205 ‘ 
70 .. 818 .. 95.5 -- 20°80 
91°25 : 
80... 869 .. 57 00 -- 3180 
-. 9945 : 
. 90 .. 49-5 .. agg -- 28°00 
". 2400 
.100 .. 481 .. 34.00 ao | 
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TABLE ΤΙΧΤΥ.---Βαωρεγίπιοιί 2.—Mar. 


TABLE LXV.—Erperimeni 8.—May. 
C, (P IT A) 


18:79 
24-75 
85:85 
45°95 
50-56 
70:70 
88:87 
10605 
123-72 

- 141-40 


L. obs. 


L. obs. 


9:5 
1175 
18-75 
14°76 
i55 
15°75 

(?) 
14°75 
18°75 
11:5 


TABLE LXVL-—Ecperiment 4.—May. 


O;(P—A) 


8:14 
14:98 
21°72 
26:24 


4 «ο 9 8 n 8 4 
ee 5 ο ee 
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ex 
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UNMYELINATED NERVE-FIBRES AS CONDUCTORS OF 
PROTOPATHIC SENSATION. 


BY S. WALTER RANSON, PH.D., M.D. 
Professor of Anatomy, North Western University Medical School, Chicago. 


THE object of this paper is to bring together a number of scattered 
observations on the structure and function of the afferent fibres of the 
cerebrospinal nerves, and to formulate on the basis of these observations 
a working hypothesis, which should greatly facilitate further investiga- 
tion along these lines. As yet we do not know how the sensations of 
touch, pain, and temperature are differentiated and how the underlying 
afferent impulses afe propagated along the peripheral nerves. 


PROTOPATHIC NERVE-FIBRES. 


An important advance was made by Head and his associates (1905, 
1906, 1908) when they showed that cutaneous sensations could be 
separated into two groups, to which they applied the terms “ protopathic” 
and “‘epicritic.”” Under the term “ protopathic," Head groups, in addition 
to pain, the temperature sensations aroused by objects under 22° C. or 
over 405 C. This group is characterized by a “ peculiar tinghng quality,” 
by radiation into other parts than those stimulated, and by failure of the 
subject to localize accurately the point stimulated. Under the term 
“ epicritic"" he groups sensibility to light touch, temperature sensations 
derived from objects between about 29? C. and 40° C.,' and discrimination 
of the two compass points. Sensations of this kind are all accurately 
localized. It would take too much space to tell in detail how these two 
types of sensation were separated from each other. Obviously such 
a distinction could not be made by a study of the normal skin. It was 
found, however, that after lesions of the dorsal roots areas of pure epi- 
critic sensation appeared. Such g cutaneous area was sensitive to light 
touch and to medium degrees of temperature, but insensitive to pain 

1 These are the approximate limits as determined in clinical work on divided peripheral 


nerves. In theexperiment recorded by Rivers and Head these limits could be more accurately 
determined and were found to he between 25° or 26° Ο., and 87° to 38? O.—[Ep.] 
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and to the more extreme degrees of temperature. On the other hand, 
when the median nerve was cut a cutaneous field became outlined on 
ihe palm of the hand, in which only protopathic sensations were 
experienced. Here the skin was sensitive to pain and to the extreme 
degrees of temperature, but insensitive to light touch and the inter- 
mediate degrees of temperature. All sensations from such an area were 
poorly localized and had a peculiar tingling quality. Head and his 
associates studied a very large series of cases with nerve lesions and 
found many such areas of dissociated sensation. 

I have myself had an opportunity of studying in one of my students 
a partially anesthetic area in the palm of the hand, resulting from the 
division of the median nerve, and have found it to possess all the charac- 
teristics of a protopathic area. There is complete loss of sensibility to 
light touch over the entire area of distribution of the median nerve. 
But over a considerable portion of this area the skin is acutely sensitive 
to the prick of a pin. A test-tube filled with ice water was felt as cold 
and one filled with water at 50° C. as hot, but test-tubes with water at 
22° Ο. and 40° Ο, were not distinguishable from each other. Sensations 
from this area were not well localized, and haa a peculiarly unpleasant 
character. In other words, the area possessed sensation of a typically 
protopathic character. 

It is maintained by Head that each of his two sensory groups 
depends on a separate, anatomically distinct, set of nerve-fibres. He 
presents good and convincing reasons for this belief, but space does not 
permit us to repeat the argument here. We wish only to call attention 
to a fact which might easily be overlooked in reading the original 
articles. In areas of partial anesthesia the residual sensation may be 
either protopathic or epicritic. If the only form of residual sensation 
were protopathic, one might assume that it depended only on a 
decreased density of innervation. It might easily be that light touch 
required a denser innervation for its perception than pain. But the 
reverse form of partial anesthesia also occurs (and numerous examples 
of ıt are given by Head) in which epicritic sensation persists over an 
area devoid of protopathic sensation. It is not conceivable that a simple 
decreased density of mmnervation should in the one case give rise to 
& loss of light touch with' pain persisting, and in another case cause a 
complete loss of pain sense while light touch remains normal. Further- 
more, these areas of pure epicritic sensation are sensitive to temperature 
between about 22° C. and 40° C., but insensitive to the more extreme 
degrees of temperature. This is clearly not a case of lowered sensibility 
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due to decreased density of innervation. It seems clear to me that 
these facts can be explained only on Head’s assumption that there are 
two kinds of afferent nerve-fibres, which differ slightly in their anato- 
mical distribution. | 

According to Head the unit of distribution of protopathic fibres is 
the dorsal root, each root having a sharply outlined area of skin which 
it supplies with them. The epicritic fibres of adjacent roots are inter- 
mingled in their cutaneous distribution. Section of one or more dorsal 
roots deprives a sharply circumscribed area of skin of its protopathic 
fibres, while epicritic fibres from adjacent roots run into this area, 
endowing more or less of the skin near its border with pure epicritic 
sensation. Here light touch is felt, but not pain, warm and cold objects 
are discriminated, but hot and cold objects give rise to no temperature 
sensation. In the same way the peripheral nerve is the unit of epicritic 
sensation. The epicritic fibres of the ulnar nerve are limited to the 
area of skin outlined by anatomists as representing the cutaneous 
distribution of that nerve; but the protopathic fibres of the ulnar run 
long distances in the subcutaneous plexuses into the areas belonging to 
adjacent nerves. When the median nerve is cut epicritic sensation is 
lost over the entire area ordinarily assigned by anatomists to that nerve, 
but protopathic fibres from the ulnar nerve run into this area endowing 
a considerable extent of the skin near the border of the area with pure 
protopathic sensation. Here pain is felt but.not touch. Hot and cold 
objects are distinguished, but warm and cool objects give rise to no 
temperature sensation. 

Facts which are otherwise inexplicable are thus readily understood 
on the assumption of two kinds of nerve-fibres which vary slightly in 
their anatomical distribution. This assumption acquires still greater 
significance in view of the recent demonstration that there are two 
kinds of afferent cerebrospinal nerve-fibres which differ both in structure 
and distribution. Until recently we were acquainted with only one of 
these, the myelinated fibres. But Ranson has recently shown that there 
are great numbers of unmyelinated afferent fibres that had previously 
been overlooked. Can it be that one kind, say the myelinated, is 
responsible for epicritic sensation and the other, the unmyelinated, for 
protopathic sensation? In the résumé which follows we shall see that 
there is the most striking parallelism between what is known of the 
protopathic fibres and what has recently been determined in regard 
to the unmyelinated afferent nerve-fibres. 
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UNMYELINATED AFFERENT NERVE-FIBRES. 


Ranson (1912) modified the Cajal silver technique in such a way as 
to produce a differential stain of unmyelinated fibres, and applied to the 
method the term ‘‘ pyridine silver technique.” When the spinal nerves 
are stained by this method they are seen to contain great numbers of 
unmyelinated fibres. These are, in fact, more numerous than those 
which are myelinated. It is possible to trace them centrally and to 
show that they arise from the small cells of the spinal ganglia. These 
small spinal ganglion cells possess single axors which divide dichoto- 
mously into fibres running into the peripheral nerves on the one hand 
and into the dorsal roots on the other. These axons and their branches 
remain unmyelinated throughout their course. Fibres of this kind are 
also present in the cranial nerves, particularly in the vagus, where they 
can be demonstrated with the greatest ease (Chase and Ranson, 1914, 
Ranson, 1914). The two kinds of nerve-fibres seem to be sharply 
separately from each other with few or no transition forms in the 
shape of partially myelinated fibres. That the distinction between 
the two is a fundamental one is evidenced by the fact that they are 
present in the same relative proportion and distributed in the same way 
in the vagus nerve of a reptile (the snapping turtle) as in that of a 
mammal (the dog) (Ranson, 1915). It would be strange if such a 
sharp division of afferent nerve-fibres into two kinds according to 
structure did not run parallel to the equally sharp division of these 
fibres according to function. We should, therefore, expect to be able 
to assign protopathic sensation to one and epicritic to the other. In 
fact, we shall see that the protopathic and unmyelinated fibres have 
a great many things in common. 

Distribution of the afferent unmyelinated fibres.—The unmyelinated 
fibres of spinal nerves are distributed chiefly zo the skin, but some go 
also with the muscular branches of the nerves. On the assumption that 
fibres of this kind mediate protopathic sensation those going to the 
deeper structure would account for the sense of pain in the muscles, 
joints and other deeply situated parts. The assumption that the fibres 
carrying cutaneous pain belong to a different class from those carrying pain 
from the muscles and joints is a weakness in the theory as presented 
by Head which we are now able to avoid. 

The unmyelinated fibres are not distributed equally in all cutaneous 
nerves. The median nerve at the wrist contains an absolutely and 
relatively much greater number of myelinated nerve-fibres than does 
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the medial cutaneous nerve of the forearm. The former is distributed 
to the skin of the fingers which possesses a high order of epicritic sensa- 
tion, and it is composed predominantly of myelinated fibres; the latter is 
distributed to an area whose epicritic sensation is of a lower order, 
and ıt contains correspondingly fewer niyelinated fibres so that the 
unmyelinated fibres greatly predominate. The lateral femoral cutaneous 
nerve is another instance of a nerve running to an area of low epicritic 
sensibility and containing relatively few myelinated fibres. There seems, 
therefore, to be a direct relation between the sharpness of epicritic 
sensation and the proportion of myelinated fibres in the associated 
nerve. 

Rate of regeneration.—As yet we have no information regarding the 
relative rate of regeneration of the myelinated and unmyelinated afferent 
nerve-fibres. Head has shown, however, that after division and suture 
of a nerve protopathic sensation returns to the area supplied by that 
nerve much more quickly than does epicritic sensation. Protopathic 
sensation may be completely restored over the entire area supplied by 
the regenerating nerve for months before epicritic sensation begins to 
return, Now it ıs a significant fact that exactly at the time at which 
protopathic sensation is restored innervation returns to the sweat glands 
and blood-vessels. This means a regeneration of the vasomotor and 
secretory fibres, which are post-ganglionic autonomic (or sympathetic) 
fibres. These are known to be unmyelinated. On the assumption that 
the protopathic fibres are also unmyelinated the fact that these two 
groups of fibres complete their regeneration at the same time would be 
easily understood. 

Visceral sensation.—In addition to sensations of movement and 
pressure the viscera give rise to sensations of a protopathic character. 
Sensations of movement and pressure are attributed by Head to the 
large myelinated visceral afferent fibres which run through the sympa- 
thetic system to end in pacinian corpuscles. ‘The stomach and its 
mucosa are insensitive to touch. While under ordinary conditions 
sensations from the stomach are not recognized in consciousness, yet it 
18 & matter of common experience that under certain conditions pain 
may be felt in that viscus. Carlson (1914) has shown that the mucosa of 
the stomach is sensitive to temperatures of 10° and 50° C., but insensitive 
to the intermediate degrees. He concludes that it is endowed with 
protopathic temperature sensation. In the same way Head showed 
that the colon was sensitive to temperatures in the protopathic range. 
The evidence, therefore, supports Head’s contention that the viscera 
possess protopathic but not epicritic sensibility. 
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Now it has been shown that the afferent fibres of the vagus coming 
from the stomach are chiefly unmyelinated. The vagus nerve, as it 


pierces the diaphragm, is practically an unmyelinated nerve (Chase and : 


Ranson, 1914). It contains relatively fewer myelinated fibres than 
many sympathetic nerves, but is solidly pacxed with unmyelinated 
axons. Molhant (1913) has shown that about one-quarter of the cells 
of the nodose ganglion give rise to fibres running to the stomach. This 
is aN enormous number of cells, only a small part of which could be 
accounted for by the few myelinated fibres in the gastric rami, even if 
one overlooked the fact that at least some of these are probably visceral 
efferent fibres. It is therefore clear that the main sensory innervation 
of the stomach is with unmyelinated fibres, and that, here, a very 
close parallel exists between the distribution of these fibres and those 
mediating protopathic sensation. 

Course of the afferent fibres in the spinal cord.—lt is well known 
that the afferent impulses underlying sensations of pain and tempera- 
ture pass through the grey matter and cross to the opposite side of 
the cord at or near the level at which they reach it. Head (1906) has 
shown that this is true for temperature sensation of the epicritic as well 
as of the protopathic order. According to him the other elements of 
the epicritic group (touch, tactile discrimination, and tactile localiza- 
tion) are carried upward on the same side of the cord in the posterior 
funiculus for varying distances before ending in the grey matter. He 
maintains that the tactile impulses coming in along a given root do not 
cross to the opposite side of the cord all at once, but that they ascend 
in the posterior columns for varying distances. The crossing at varying 
levels of impulses coming in by a single root gives rise to a double path- 
way for touch, uncrossed fibres of the first order paralleling crossed fibres 
of the second order for a certain number of segments. This double path 
no doubt accounts for the conflicting observations on the conduction 
of tactile impulses which are found in the literature. 

The facts that have been ascertained regarding the intraspinal 
course of the unmyelinated fibres is in complete accord with the view 
that they are the conductors of protopathic afferent impulses. As a 
dorsal root enters the spinal cord the two xinds of fibres separate, 
the unmyelinated turn laterally into Lissauer’s tract while the 
myelinated run on into the posterior funiculus (Ranson, 1918, 1914). 
Few, if any, unmyelinated fibres enter that funiculus, but a few fine 
. myelinated fibres run into the tract of Lissauer. This consists chiefly 
of unmyelinated axons scattered among which are a few fine myelinated 
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fibres. From the level at which they enter the cord, the fibres ascend 
or descend in this tract for a very short distance not exceeding one or 
two segments. The substantia gelatinosa seems to be the sensory 
nucleus associated with this tract. 

The unmyelinated fibres, then, enter the grey matter at or near the 
level at which they enter the cord. In this they are again in exact 
agreement with the fibres conveying protopathic sensation. The 
myelinated fibres, which alone enter the posterior funiculus, correspond 
in their intramedullary course to the fibres carrying light touch, tactile 
discrimination and tactile localization, since, according to Head, these 
ascend for longer or shorter distances in this funiculus before entering 
the grey matter. As to the temperature sensation in the epicritic range, 
they are probably conveyed by the fine myelinated dorsal root-fibres that 
run with the unmyelinated ones mto the tract of Lissauer. It is thus 
apparent that we have at hand data sufficient to explain the intra- 
medullary course of the protopathic and epicritic sensation in terms 
of the demonstrated intramedullary course of the myelinated and 
unmyelinated fibres. 

So far as the evidence goes the theory that protopathic sensation 
is conveyed by unmyelinated fibres seems to be well supported. A 
number of methods of testing this hypothesis have occurred to us and 
experiments directed to this end are now under way. Some of these 
have progressed far enough to give evidence of value. 

The function of the tract of Lissauer.—Experiments on the spinal 
cord of the cat (Ranson and von Hess, 1915) have shown that the tract 
of Lissauer and the substantia gelatinosa Rolandi are at least closely 
associated with the pain reception and conduction apparatus. It was 
found that while bilateral destruction of the tract of Lissauer and the 
substantia gelatinosa at the level of the first lumbar segment of the 
cat's cord did not interfere in any way with the perception of pain in 
the hind limbs, it entirely eliminated the pressor vasomotor reflex from 
stimulation of the sciatic nerve. Now the vasomotor reflexes are dis- 
tinctly protopathic in that they are produced almost exclusively by pain 
and temperature sensation. The evidence, presented in that paper, 
showed that the tract of Lissauer and the substantia gelatinosa formed 
a path for conduction of the afferent impulses involved in the reflex 
vaso-constriction due to painful sciatic stimulation. It seemed probable 
to us that the tract of Lissauer and the substantia gelatinosa Rolandi 
form an apparatus for the reception and intersegmental conduction of 
painful afferent impulses. Some impulses from this apparatus passing 
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over to the spinothalamic tract would reach the cortex and find 
expression as conscious pain, while other impulses received in this 
apparatus would ascend and descend within it, producing pain reflexes. 
So far as the evidence goes this work favours the theory that the 
unmyelinated fibres conduct protopathic sensation in that it shows 
that the portion of the cord in which these fibres run and terminate 
forms part of a protopathic reflex are. 

We hope to obtain more direct evidence from two lines of investi- 
gation which we are about to undertake. The glans penis is a 
region possessing only deep and protopathic sensibility, and if the 
conception presented in this paper is correct the nerve-fibres distributed 
to the skin of this region should be for the most part unmyelinated. 
Again, by experimental work on animals, it should be possible to find 
hyperesthetic areas at the borders of anesthetic areas resulting from 
peripheral nerve lesions. The nerve-fibres in such hyperesthetic areas 
should, according to the view here presented, be for the most part of 
the unmyelinated variety. ‘We propose to investigate both of these 
questions. 

It is interesting to note that throughout his four papers dealing 
with this question Head conveys the impression that he regards the 
protopathic group of sensations as primitive in character and the first 
to appear in phylogenetic development. Now it is well known that 
nerve-fibres in their earliest phylogenesis are unmyelinated. If our 
conception is correct a very large part of the afferent nerve-fibres of 
mammals remain in this primitive relatively undifferentiated state and 
mediate a relatively primitive and diffuse form of sensation. Other 
afferent fibres have undergone further differentiation, acquired a myelin 
sheath, and carry more highly specialized forms of sharply localized 
sensation. Insulation of the axon by the myelin sheath may play a 
part in eliminating the element of diffusion so characteristic of the 
more primitive sensations. 

In conclusion, we wish to state that we do not consider that we 
have done more than formulate a working hypothesis, and shall be 
satisfied if the considerations here presented stimulate further di&cus- 
sion and investigation. 1 , 
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THE OPHTHALMOLOGICAL OBSERVATIONS OF 
HUGHLINGS JACKSON AND THEIR BEARING ON NERVOUS 
AND OTHER DISEASES. 


BY JAMES TAYLOR, M.A., M.D., F.R.O.P. 


GENTLEMEN,—Let me first in one word thank, you for the great 
honour you have done me in electing me to what I consider the highest 
position to which one who has worked at neurology may aspire. It is 
not easy for anyone to.wear with grace and distinction the “ giant’s 
robe" which the President of this Section must necessarily assume—for 
` my predecessors have all been eminent, and not a few of them great; 
but such'& robe may serve to hide defects and deformities, and at least 
I shall hope to do nothing unworthy of it, and to hand it over intact 
and untarnished to a more worthy wearer. 

I do not think it can be easy for anyone who was not brought 
intimately ın contact with him to understand the feelings of reverent 
affection which all of the younger generation who had enjoyed that 
good fortune always entertained for the great personality of Hughlings 
Jackson. It may seem presumptuous in me to choose such a subject 
for my address as that which has been announced, but I should urge 
that I am not about to criticize, and what I have to say will be more in 
the nature of an attempt to appreciate some of his work. I trust that 
what I shall say may have the effect of stimulating interest in his 
writings so that their wonderful wealth of clinical observation, their 
accurate scientific method, and their broad philosophical grasp may be 
better and more generally recognized than they have been as yet. 

Jackson’s writings are best considered in groups. One of his 
earliest and most lasting interests was undoubtedly in connexion with 
ophthalmological and ocular conditions. ‘These ophthalmological 
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interests were, of course, intimately bound up with his interest.in the 
symptomatology of intracranial tumours, and most of his early writing 
has reference to these subjects. Speech and the alteration of that 
faculty by disease n&turally appealed to his philosophical mind, and: 
I feel sure that all neurologists feel indebted to Dr. Henry Head for 
thé work he has done in placing Jackson's position in reference to this — 
important subject clearly before neurologists. Another division of 
Jackson's work had reference to paralysis, hemiplegia, chorea and the 
syphilitic diseases of the nervous system. Still another—intimately 
associated with the last—dealt with epilepsy in its varied phases, 
another with vertigo and associated ear conditions. His work on the 
evolution and dissolution of the nervous sytem was really a series 
of philosophical treatises, and his suggestions with reference to the 
study of disease of the nervous system were severely scientific and yet 
intensely practical. Among the most interesting of his papers are those 
designated “Neurological Fragments," and they are; as their name 
implies, fragments of what one might call intensive neurological 
investigation and teaching, dealing with an exceedingly varied class 
of subjects. I need hardly say that this division of subjects is not 
Jackson’s. It is one for which I am entirely responsible, and, as 
you can understand, one division may overlap another, and many papers 
find a natural place in more than one of the divisions. But ıt is 
convenient to divide his writings in this way so long as we regard the 
divisions merely as a convenient series of pigeon-holes, and to-night 
I propose to consider that division which has reference to ophthalmo. 
logical subjects. This, as will be evident from what I have said, mui: 
naturally lead me to refer occasionally tc writings which monə 
particularly deal with the symptomatology of intracranial tumours. 
The invention of the ophthalmoscope marks an epoch in medicine. 
It is nearly always associated with the great name of Helmholtz, but it 
should be remembered that four years before Helmholtz described his ' 
instrument, the ophthalmoscope had really been invented by Babbage, 
and was only laid aside becuse an ophthalmic surgeon to whom he 
showed it failed to discern its possible usefulness, and gave him no 
encouragement. It is interesting to know that the modification of 
Helmholtz’s instrament soon approximated to the form originally 
invented by Babbage, and it is this form of instrument, with, of course, 
modifications and improvements, which is now in general use. 
Dr. Jackson’s friendship and early association with Mr. Jonathan 
΄. Hutchinson—they were both Yorkshire men, both apprenticed in York, 
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and both held resident posts, not simultaneously, in that city—was no 
doubt the cause of his becoming early acquainted with Moorfields Eye 
Hospital, where he worked as Mr. Hutchinson’s clinical assistant for 
several years, and ‘his work here gave an extraordinary stimulus to his 
interest in ocular and ophthalmological conditions. He has put it on 
record that he considered it the luckiest thing in his medical life that 
he began the scientific study of his profession at an ophthalmic hospital 
[2]. Much of his earliest writings—the result of observations while at 
Moorfields—are published in the “ Moorfields’ Hospital Reports," and are 
mostly concerned with ophthalmoscopic observations. But these obser- 
vations had almost always reference to the association of ophthalmo- 
scopic changes with medical disease—especially disease of the nervous 
system—and he was never tired of insisting upon the necessity of routine 
ophthalmoscopic examination in all such disease. 

In an early paper he [21] says: “My object in writing this article is 
simply that I may contribute from my own field of clinical work a few 
observations on a class of symptoms, the meaning of which it is most 
desirable to make out for the sake of advancing our knowledge of 
diseases of the nervous system. This renders it necessary that I should 
address myself both to the ophthalmologist and to the general physician, 
and thus I run & double risk of criticism. If in the slightest degree 
I do something towards bridging over the special and perhaps somewhat 
isolated department of ophthalmic medicine with the more general one, 
I shall have done all I wish to do." Thé paper to which this is a 
preface is devoted to a study of defects of sight in brain disease. In 
this attention is directed to several interesting points. The occurrence 
of the two kinds of atrophy, one in which the nerve gradually whitens, 
the other in which it becomes white after certam acute changes, is 
. mentioned, causing what was then called “amaurosis.” The difficulty 
is mentioned of following up and carefully observing such cases because 
of their tendency to go from one hospital to another, according to the 
nature of the symptoms. The sudden failure of sight which occurs in 
some cases of cerebral disease is referred to. Incidentally, he alludes 
to a danger with which most of us are probably familiar, viz., that an 
ophthalmological examination, or even treatment, is sbinetinies blamed 
for loss of sight. Thus one patient ascribed his loss of sight to a 
blister which had been applied; another to the use of galvanism; and 
a third became blind soon after an ophthalmoscopic examination, and 
ascribed the loss of vision to the examination. In the same paper 
attention is directed to the headache and vomiting which occur with 
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intracranial tumour, and the danger of mistaking such symptoms for 
those of gastric disease. Further, the importance and usefulness of 
ophthalmoscopic examination in cases of hemiplegia; especially for 
evidence of Bright’s disease, and in cases brought in comatose, are 
insisted upon. ` 

The interest of these early papers of Dr. Jackson's is of two kinds. 
They embody records of observations of phenomena which were then 
novel, and the significance of these is set out with a clearness and 
completeness which left little for subsequent observers to do. But they 
also contain reflections and remarks which make one feel that the work 
as & whole is pervaded by & philosophical spirit which breathes life into 
the dead bones of mere clinical observations. Thus at the beginning of 
one of the sections of this paper he apologizes for speaking too much 
of some symptoms which are out of the scope of a journal of 
ophthalmology [98]: “Much of the interest, however," he says, 
“depends upon the number of symptoms which can be put together 
in an intelligent order. Amaurosis may be studied at once with too’ 
much intensity and too little breadth. It is to the ophthalmologist 
a disease of so great importance, calling for particular action on his 
part, that he may underrate its significance as a symptom in general 
conditions of the system. But it is when it occurs with other 
phenomena that we are most likely to discover what optic neuritis 
means." He then goes on to say that his object in writing is to urge 
physicians and ophthalmic surgeons to do more work together. Thus 
if amaurosis and defect of speech are found in the same patient, both 
the symptoms must be studied: by one person. The ophthalmic surgeon 
can scarcely confine his thoughts to a single sense apparatus, however 
much his practice may be limited to the defects of that one. To the 
physician defect of smell, although it may be less important, is of equal 
significance with defect of sight. Hemiplegia with its allies -is the 
extra-ophthalmological symptom which chiefly deserves the considera- 
tion of ophthalmologists because of the frequent ocular or visual 
anomalies associated with it. i 

“ Odd as it may at first sight seem,” he goes on to say, - I feel more 
and more convinced that there are important reasons why ophthal- 
mologists and those physicians practising in insanity should do much 
work in common. Not because defects of sight are particularly 
associated with mental symptoms, nor because insane people may be 
liable to defects of sight, but because the special study of the evolution 
of movement (and sensation) is, I think, best begun at ophthalmic 
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hospitals. And so far as we can. know anything definite of mind, it is, 
I suppose, made up of sensory and motor phenomena, the functions of 
a series: of anatomical possibilities in the cerebrum in correspondence 
with its wide environment, as well as in the spinal cord with its narrow 
environment. . . . Now nowhere could we better begin to study 
intelligent movements of muscles than at ophthalmic hospitals. . . . 
The study of the higher movements, as for words, will, I feel sure, 
derive great help from the laws of muscular motion which ophthalmo- 
logists have been or will be able to establish in their own department 
of medical practice." 

He then outlines a method of medical work: “Were I free," he 
says, "to work in this metropolis at the physiology of movement, from 
_ gross muscular movements towards thought, in the way I should prefer 
—supposing, to begin with, an ordinary general medical and scientific 
knowledge—I should study first in the wards and in the out-patient 
room of a general hospital such symptoms as hemiplegia, chorea, and 
epilepsy; next, at an ophthalmic hospital, paralysis of the cranial 
nerves and defects of sight ; next at a special hospital for such symptoms 
as those of locomotor ataxy and certain epileptiform seizures; then at 
an orthopedic hospital for infantile paralysis and for so-called con- 
tractures. Now I would study specially deviations from healthy 
movements of the eyeballs, and the rudimentary delusional effects they 
cause. I would, after this work, return to the general hospital, to study 
defects of speech, delirium, apoplexy, coma, &c. Varieties of defects 
of speech I should compare and contrast, from difficulty of articulation 
to incoherence. At this juncture a careful study of laryngeal and throat 
disease would be most desirable. 

* OF course, if anyone were to work at different sections of medical 
practice, so as merely to add isolated series of facts to one another, he 
would really make little progress in cultivating his own mind. Such a 
man would dwell with exaggeration—hurtful to his own organization of 
medical knowledge—on amaurosis a8 a defect of sight, and too little on 
it.as a defect of a highly specialized part of universal sensation. He 
would not improbably neglect altogether such symptoms as defects of 
smell, which defects, however, are really quite as significant incidents 
in the revelations which disease makes of function as defects of sight 
are. Such a student would be altogether unprepared for the last and 
the very highest medical study, viz., of insanity. Special work at 
diseases of the mind should, I feel convinced, be begun only after a 
large real experience of all the special phenomena of motion and 
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sensation that damage to any parts of the nervous system does ‘or 
may give rise to. I say 8 real experience, as I suppose a collection 
of numberless facts, however accurately gathered, 1s not held to be 
of itself a real experience. Unless a man can put the particular 
phenomena he himself sees under more general laws, or unless he 
tries to do this, he can scarcely be said to know or to be studying & 
thing in any very valuable sense. The knowledge the ophthalmologist 
' has of muscular disorders of the eye, the knowledge the physician has 
of defects of articulation, of chorea, and of epilépsy, and that the 
psychologist has of incoherence and delusions, should aim to be 
physiological units, each different, but each related to a wide common 
knowledge of such laws—present or in progress—as those of the 
evolution of sensation and movement in organisms.” 


In 1868 Wordsworth [5] had drawn attention to one particular : 


form of amaurosis occurring in tobacco smokers, and Jackson [14] took 
the opportunity in considering this of raising the question of the róle of 
sex in disease, especially in disease of the nervous system, and of offering 
suggestions for its investigation. Wordsworth had noted the much 
greater frequency of optic atrophy in men than in women. Hutchinson 
from a large mass of material had made the same observation. This, 
as Jackson says, while pointing to some greater liability in the male to 
optic atrophy, it would be unreasonable to ascribe to tobacco-smoking 
until more positive and negative evidence had been obtained. He 
suggested, however, widening the inquiry as to the influence of sex in 
‘disease by considering two other diseases—progressive locomotor ataxy 
and general paralysis of the insane—both. of which are diseases of the 
nervous system rarely found in women [15]. 

“The widening of the subject," he said, “need not confuse the 
inquiry by making it more complex; for on s scale sufficiently broad 
to avoid error, especially the error of attaching too much importance 
to accidental circumstances, amaurosis can only be studied by an 
ophthalmologist, progressive locomotor ‘ataxy by those practising 
generally, and general paralysis by physicians to large asylume. 
Although, then, there would be more work there would be more 
workers; and yet when working singly the workers would have a bond 
in unity of purpose, as their ultimate object would be the same. For 
although the diseases of the nervous system to be investigated are 
widely different as groups of physiological symptoms, the pathological 


question—or at least, the most important part of it—is as to the effect , 


of tobacco-smoking and other sexual habits, peculiarities, or vices, in 
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leading directly or indirectly to degeneration of the elements of 8 
certain tissue—the nervous.” 

I mention this paper and its suggestions as indicating how widely 
awake Jackson’s mind was to the bearing of recognized ophthalmological 
conditions on the etiology of nervous disease generally. 

Jackson had written as early as 1868 [29] on the existence of optic 
neuritis without obvious defect of sight, and had frequently repeated 
this observation. Hutchinson [16] had drawn attention, in 1867, to 
Jackson’s observations, for apparently they had beer doubted or even 
ignored, and Jackson [17] writes that Clifford Allbutt’s experience 
confirms his observations. He goes on to say with quite characteristic 
modesty: ''So far as the observer is concerned the discovery is a very 
small matter. Any physician who will use the ophthalmoscope by 
routine must quickly discover the fact. Yet the obvious deduction is 
really & very important one in practice. ‘This is embodied in the 
following quotation—italicized in thé original—from a paper which I 
published in 1868 [22]. ‘It is, I submit, imperative, in all cases of 
severe cerebral disease, at all events in cases of an acute kind, to 
examine the eyes with the. ophthalmoscope, whether the patient com- 
plains of defect of sight or not.” 

."I should now make the statement much stronger by adding, 
' even if he affirms that he can see well, and if he read small type readily.’ 

“T have occasionally had the somewhat painful feeling that the 
accuracy of my ophthalmoscopic examination -has been doubted by 
physicians whose opinion I highly.value, when I have declared that 
patients with severe cerebral disease, who seemed to see quite well, 
had inflamed optic disks.” This point Jackson had to insist upon 
many times before it was accepted, and we are apt to forget that what 
to us is now commonplace required such reiteration and insistence. 

A question which was frequently discussed at this time was, Does 
disease of the cerebellum lead to loss of sight? Brown-Séquard had 
stated that it was certainly often associated with this, and he expressed 
the opinion that it was the result of reflex action from some irritant, 
Jackson [1] discusses the question, and clearly expresses the opinion that 
disease of the cerebellum, per se, does not produce blindness, any more 
than disease of the cerebrum, but that tumour in either region may and 
. often does, by setting up optic neuritis—'' the result of a local ence- 
phalitis.” ‘‘ Whilst destruction of no part of the cerebrum or cerebellum 
leads to loss, not even to defect of sight, irritation by tumour in any 
part of either. may lead to inflammation of the optic nerves, on which 
inflammation, blindness usually—not always—follows.” 
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At this stage, in 1871 [18], Jackson published & lecture on optic 
neuritis in intracranial disease, in which he sums up in a succirict form 
much of what he had been teaching for several years. He points out 
the value of the ophthalmoscope in diagnosis: that morbid ophthalmo- 
scopic signs are rarely absent in amaurosis from cerebral disease, that 
optic neuritis is the commonest ophthalmological condition in cases of 
cerebral disease, and is as important in the diagnosis of cerebral disease 
as is hemiplegia. He then describes the stages of optic neuritis—the 
onset, the second stage with great: swelling, the third in which atrophy 
' is commencing, and the fourth that of permanent atrophy. He also 

again, what he earlier insisted upon, points out that in some cases of 
optic neuritis there is no defect of sight, that optic neuritis is almost 
invariably double, and that paroxysmal failure of sight occurs in cases 
of optic neuritis. Occasionally, also, it is pointed out, there is rapid and 
permanent failure of sight. With reference to the nature of the intra- 
cranial disease most often associated with double optic neuritis he makes 
two statements :— 

(1) There is usually a gross Juis or " coarse " disease, a lump 
of something, an adventitious product. | 

(2) Double optic neuritis does not point to any particular kind of 
coarse disease, but simply to coarse disease of some kind. There are 
certain conditions under which double optic neuritis scarcely ever 
occurs, e.g., chronic and general convulsive attacks, a condition of 
hemiplegia from local softening, &c., and he points out that optic 
neuritis is not a localizing sign, and then discusses the different theories 
as to the manner in which an adventitious product in the cerebrum 
leads to optic neuritis. He concludes by begging his readers to remember 
three things: (1) That optic neuritis frequently exists when the patient 
can read the smallest type; (2). that the ophthalmoscopic appearances 
vary extremely in degree in cases of adventitious products within the 
cranium, and that the appearances vary much at different stages in the 
same case; and (8) that one should never omit to use the ophthalmo- 

“scope when & patient has severe and continued headache. 

During the next few years Jackson continued from time to time 
his ophthalmological contributions. His ''Physician's Notes on Oph- 
thalmology " [25] are a storehouse of interesting records of many cases 
carefully and systematically observed, and of even more valuable , 
suggestions. He also published anomalous cases [26], one of large 
cerebral tumour without optic neuritis, another [27] of double optic 
neuritis without cerebral tumour, and he also recorded [82] a case of 
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recovery from double optic neuritis. It is clear, as will be seen, that he 
recognized the curious variability in the incidence of ophthalmological 
signs of severe cerebral disease; and that (1) intracranial tumour may 
be present without optic neuritis; (2) optic neuritis may be present and 
yet no tumour be found; and (8) optic neuritis does not necessarily 
result in blindness, although there is usually great danger of its leading 
to impairment of sight, and yet that occasionally it passes off without 
causing any impairment of vision: 

The Annual Oration to the Medical Society of London [9], which he 
delivered in 1877, is perhaps one of the most characteristic and most 
finished of Jackson’s addresses. It is an interesting combination of 
that scientific knowledge, clinical observation and philosophical sugges- 
tion to.which reference has already been made. It sums up in a very 
clear way much of what Jackson had been engaged in teaching for 
many years, and more especially it dwells upon the work of the 
ophthalmic surgeon as a training in discipline and surgical skill, and 
as affording opportunity for observation of ocular palsies and their 
effects, of the anomalies of refraction, of the actual state of ‘a nerve and 
its termination, and of the condition of the blood-vessels and the retina 
generally. He emphasizes the importance of recognizing the effects 
which refractive errors may produce. Thus astigmatism may produce 
“confusion of vision " because of the difference in the distinctness in 
different meridians ; hypermetropia may cause, and has actually caused, 
symptoms simulating those of brain disease, such as headache and 
squinting, and observatión of hypermetropic disks is of the utmost 
importance because of the close resemblance they bear to the inflamed 
disk associated with intracranial tumour. The phenomena of what was 
_ then called diphtherial amaurosis as they are revealed to the ophthalmic 
surgeon are also dealt with, and their relationship to affection of the 
ganglia is pointed out, and the interesting question is raised whether 
in diphtheria there is, as affecting hearing, something analogons to 
paralysis of- accommodation in the eye. 

The study of paralysis of the ocular muscles is considered. This 
naturally leads to a consideration of vertigo generally and also of defects of 
co-ordination. The vertigo which occurs from paralysis of an ocular 
muscle is ποῖ, 16 is pointed out, the result of diplopia, but of erroneous 
projection. À patient suffering from paralysis of the right external rectus, 
if the left eye is covered and he is asked to touch an object placed to the 
right of the middle line, will miss the object, his hand going to the right 
of it. That is, the patient judges by the activity of the centre for 
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movement—“ the hand is misinformed,” to speak metaphorically, or to 
use an incoherent simile, '' makes a false step." It is not difficult to see 
the analogy between such an action and actual reeling. During walking 
there will be many actual false steps due to the misleading information 
which the centre for the impossible movement of the eye supplies. It 
is inaccurate to say that vertigo causes disorder of co-ordination : it is 
itself disorder of co-ordination. The only difference between vertigo 
without manifestation and vertigo with the outward manifestation of a 
“reel” is one of degree. In the former there are slight central changes 
and in the other strong central changes, leading to peripheral effects. 
There is thus an analogy between those two conditions, or rather 
degrees, of vertigo and the two conditions of speech—speaking internally 
and speaking articulately. 

He then proceeds to draw a distinction between sensation and the 
physical process occurring along with it. ‘‘The use of the word sensa- 
tion both for a state of consciousness and for a state of the nervous 
centres produces the same kind of confusion as the use of the expres- 
sion that the sun rises in the east would do in an exposition of the 
movements of the solar system |" 

“The facts of ocular vertigo, with other allied facts from other 
departments of medical practice, throw light on psychico-physical opera- 
tions. Speaking generally, they help to show that ideas arise, not only 
during energizing of sensory centres, which everybody admits, but 
during energizing of motor centres, which scarcely anybody seems 
inclined to beheve. We have seen that the patient judges of the 
positions of objects by central discharges which do not actually displace 
his retinal images. Now the extension of an object is really made up 
of relations of innumerable positions. To give a particular illustration, 
the facts of ocular vertigo are of inestimable value in supporting the 
doctrine that the anatomical substratum of a word is a motor, an 
articulatory process.” 

Another aspect of the matter is next considered—viz., that in some 
cases of paralysis of ocular muscles the size oí the object is altered. 
The fact is referred to that if we impress the retina with a scarlet 
object the after-image will be altered in size with accommodative efforts. 
There is in this phenomenon, of course, a motor change only, for the 
retinal area affected is unaltered. The shape of objects also, it is 
pointed out, can be altered in some degree. Thus if we obtain the 
after-image of a circle and project this on to an inclined sheet of paper, 
the spectral circle becomes oval. The case is also mentioned of a 
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medical man subject to migraine, who observed that he could alter by 
accommodative efforts the size of the visual spectra which preceded his 
headache. And in some cases of epilepsy there is a warning in the 
alteration of the size of objects: mostly they get bigger and nearer— 
"the walls of the room seemed to come nearer,’ as one patient 
expressed it. AJl these cases, except probably that of epilepsy, it is 
claimed, show that estimation of the size of objects depends upon 
activity of & motor element only. And the fact that in paralysis of the 
ciliary muscle by atropine or by disease objects appear smaller shows 
that activity of motor centres may cause alteration in the size of an 
object when actual movement is Ha possibles 

“These facts,” he goes on to say, “ like those given in apeaking of 
vertigo, show plainly, I think, the inseparable connexion of motor 
activity with sensory activity in ideation. They show that, whilst the 
colour—the secondary or dynamical quality of an object—is a sensory 
affair, its size and shape, its primary or statical quality, is a motor 
affair. If so, then ophthalmological facts are of inestimable value, not 
only as bearing on an important psychological problem, but as bearing 
on the most important of all questions whatever in psychology; they 
demonstrate that the estimation of the extension of objects is due to 
motor activity; ‘and they show that activity of motor centres will 
suffice; and thus they lend support to the doctrine that, in remember- 
ing the shape of an object, there is slight activity of central motor 
centres just as much as there is slight activity of sensory centres in 
remembering its colour.” 

Similarly in reference to-locomotor ataxy he argues against the 
hypothesis of a ' special co-ordinating centre." He explains the ataxy 
by supposing that the current developed does not—on account of 
diseased tracts—react with full effect on the: muscle most concerned 
with accurate locomotion, the peroneus longus, but overflows into the 
tibialis anticus and so produces in it over-action—really the same result 
as what is called ' secondary deviation ” in certain conditions of ocular 
paralysis. ‘There is, in short, over-estimation of the intended, but 
underdone, peroneal movement and ual “overdoing of the tibialis 
anticus movement. An vodlogops/Góndion Had been pointed out by 
Duchenne in the case of a hand^wasted in regard to its flexors. When 
such flexors are atrophied, and a strong attempt is made to close the 
* fingers, the actual effect is over-extension of the fingers, the current 
intended for the paralysed flexors actually overflowing into the extensors. 

With reference to sensory_affection of the eyes, it is. pointed out 
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that hemiopia is a sensory symptom which is the strict analogue of 
the motor symptom, lateral deviation of the eyes, and it is frequently - 
associated with hemiansmsthesia. Sight sensations, it is pointed out, are 
more frequently precursors of epileptic attacks than any other special 
sense warnings except touch. Smell is next, but auditory warning is 
rare. That sight should be the most frequent is what one would ^ 
expect, for most ideation is carried on in visual ideas. A patient may 
have sight sensations, e.g., coloured vision, long before he has epileptic 
attacks ushered in by such sight sensations. l 
He then proceeds to refer to the use of the ophthalmoscope, 
pointing out its importance, for in cases of defective vision associated 
with intracranial disease there is nearly always change visible with 
the ophthalmoscope. Yet it is very important not to make too much 
of slight changes. Imperfect observation may detect. “congestion " 
and ‘“‘anmmia” of the disk when physiological redness and pallor are 
the true conditions. “Some observers," he says, "are really inferring 
when they should be only looking.” He also pointed: out that those 
who do not use the ophthalmoscope are apt to miss important changes 
and perhaps to misinterpret symptoms. It must be remembered that 
it is exceedingly common for a patient with intense optic neuritis 
to see quite well, and if such a patient died and a cerébral tumour were 
found, unless an ophthalmoscopic examination had been made the 
presence of inflamed disks would have been undiscovered, and the 
significance of such a condition missed. An illustration of the converse 
of this was the case of a patient who became almost blind and died. 
Post mortem, & condition of disease of the optic thalamus was dis- 
covered. In such a case the blindness might have been ascribed to 
the disease in the optic thalamus—quite erroneously, had it not been 
discovered by the ophthalmoscope that in each retina there were the 
extensive changes of albuminuric retinitis. 
Optic atrophy also, it is pointed out, is important in reference to 
examination with the ophthalmoscope. It often occurs in tabes dorsalis 
and in general paralysis of the insane. It may occur with or without 
pupil changes, with or without pain, with or without ataxy. And, of 
course, it is not a necessary sign ‘in tabes dorsalis. 
Another condition noted with. the ophthalmoscope is retinal 
. embolism. This may be associated with evidence of cerebral embolism, 
and observation with the ophthalmoscope is important, as otherwise ' 
_the optic atrophy, the result of embolism of the central artery of the 
retina, might be. mistakenly supposed to be the result of cerebral 
disease. 


OPHTHALMOLOGICAL OBSERVATIONS OF HUGHLINGS JAOKSON 408 


Similarly also, it is pointed out, the ophthalmoscope may render 
visible other tissue changes in the fundus, such as those resulting 
from tubercle and syphilis and.from Bright's disease. But it has to 
be noted that the ophthalmoscopic appearances of Bright’s disease are 
often ‘closely simulated by those occurring in intracranial tumour, 
while conditions really depending upon Bright's disease are often such 
88 strongly to suggest the condition of the fundus occurring with 
intracranial tumour. Reference also was made to the visible arterial 
pulse in the fundus found in association with aortic regurgitation and 
to the retinal hemorrhages occurring in some cases of purpura. 

, In the paper [13] “ Remarks on the Routine Use of the Ophthal- 
moscope in Cerebral Disease" he returns to a subject on which 
he had written early and often. He makes out a strong argument 
in favour of this procedure, and it may be said that it is chiefly due 
- to his insistent teaching that the ophthalmoscope is now in such 
constant use in the hands of neurologists. 

He quotes physicians and ophthalmic surgeons in support of his 
repeated allegation that marked optic neuritis may be present with 
perfect vision. ` Numerous cases are cited in which marked optic 
neuritis was present, yet no change was discoverable either in the 
acuity of vision or the extent of the fields. Yet in many of these 
cases post-mortem examination revealed the presence of intracranial 
tumour or the subsequent progress resulted in blindness. The practical 
importancé of the discovery of optic neuritis is pointed out not only 
with reference to prognosis but also in regard to treatinent, and it 18 
again pointed out that neuritis may coexist with good vision and may 
pass off, leaving sight good. 

Jackson published an important paper [28] on eye symptoms 
-and tabes. It may.be said that nearly all he tells us on the subject 
is now commonplace knowledge, but at the time it was written the 
paper set out points not then clearly grasped. He mentions three 
: non-ocular signs in tabes—lightning pains, loss of knee-jerks, and 
ataxic gait—and three ocular—paralysis of oculo-motor nerves, pupil 
changes, especially the Argyll-Robertson phenomenon, and optic atrophy 
—whilst he clearly indicated that not all of these occurred simulta- 
neously in many cases of. tabes, but that two or three of them not 
infrequently occurred in the same case. But the important point was 
. the recognition of any one of them in a patient as indicating the likely 
nature of the case and as suggesting the possible presence of others 
if carefully looked for. 
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In the same volume [28] there is. the record of a very interesting 
discussion on “optic neuritis in intracranial disease” in which Dr. 
Jackson took part. His contribution is full of facts, and has many 
suggestive questions as well as statements.. It is in six sections. 
The first deals with optic neuritis ophthalmoscopically. He says he 
used arbitrarily tc make two stages in optic neuritis: (1) slight 
odematous swelling, and (2) a climax of extensive great swelling, with 
hemorrhages and strangulation of vessels, but he avers his belief 
that there 18 but one kind of optic neuritis from intracranial disease. 
But he points out again the simulation of the optic néuritis of intra- 
cranial disease by the condition found ‚in Bright's disease, and 
mentions a case in which he himself had made the diagnosis of brain 
disease simply from the appearance of the fundus oculi, yet post 
mortem’ no such disease was found, but the patient, a young boy, was 
᾿ found to have granular kidneys. He asks, Can the fundus condition in 
. Such cases, as well as in cases of meningitis, be definitely distinguished 
from that in cases of intracranial tumour ? ; 

The next section (2) deals with clinical facts. Uniocular optic 
neuritis rarely occurs in cases of intracranial tumour. When it does, 
what is its significance? Does it ever result from cerebellar disease ? 
He says he believes the diagnostic value of optic neuritis is not different. 
whether sight be good, defective or bad. But physicians see more 
cases in which the vision is good than with even defect of sight.. He 
also refers to the occasional temporary failure of sight and the rapid 
permanent failure of sight; which occur in some cases, and inquires 
as to their significance. 

The third section is devoted to a consideration of optic neuritis 
with other symptoms, non-localizing, such as vomiting, headache, &c., 
and ‘localizing, such as unilateral convulsions, slowly progressive 


unilateral weakness of limbs, head enlargement, sudden hemiplegia, a8 . - 


from hemorrhage into a tumour, reeling gait in cerebellar cases, and 
cranial nerve palsies, and he points out that optic neuritis does not 
occur in ordinary epilepsy, with complete aphasia, or with extreme 
‘mental conditions. 7 

Section 4 deals with the diagnostic and non-diagnostic value of 
optic neuritis. It usually occurs with intracranial tumour or some 
other adventitious product. The mass may be in any part of the 
encephalon, although probably tumour in the medulla oblongata.rarely 
produces optic neuritis. Yet it may be absent with tumour in almost 
any part, i.e. “ optic neuritis occurs with tumour in almost any part 
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of the encephalon, and may not-occur with tumour in many parts of 
it.” Also it may occur late in cases of cerebral tumour, or if may 
appear late and pass off, the patient dying ultimately of tumour. It 
is rarely found with softening from clot, it is not caused by mere 
destruction of any part of the encephalon, and, as has been insisted on 
before, it may be unattended with impairment of sight. Optic neuritis 
points to the general nature of the local disease, not to its particular 
nature. It means, as a rule, “foreign body," and, so far as the optic 
neuritis is concerned, that produced by a syphilitic or gliomatous 
“lump " is not to be distinguished from that produced by any other 
. kind of foreign body. 

It is important to distinguish between the development of neuritis 
from a foreign body and loss of sight from a destructive lesion. Thus 
hemiopia is usually the result of a destructive lesion and in itself implies 
no change in the fundus. Of course, & tumour so situated as to cause 
hemiopia will probably cause also optic neuritis. Yet in the ordinary 
hemiopia from a hemorrhage or clot, fundal changes do not occur. 
“The several different lines of evidence agree in converging to the 
conclusion that optic neuritis in cases of intracranial adventitious 
products is to be looked upon: as resulting secondarily from such 
products in their general, or more correctly in their abstract, character 
—that of ‘foreign bodies.’ ” 

f Section ὅ deals with the various hypotheses as to the mode of 
production of optic neuritis. 

(1) von Graefe’s idea that it is produced by raised intracranial 
pressure inducing venous congestion in the central vessels of the optic 
nerve. Against this'is the fact that a small tumour may cause intense 
optic neuritis and that a large Teme? may not cause, does not 
cause, optic neuritis. 

(2) Hypothesis of Schmidt, ich ascribes optic neuritis to dis- 
tension of the optic nerve sheaths. 

(3) Hypothesis of Benedict, first hinted at by Schneller, viz., that 
of reflex vasomotor action (analogy of convulsion) by induced insta- 
bility in grey matter, and action 1Ώ influencing vessels in optic nerves. 
Loss of sight, temporary and sudden, does occur with optic neuritis, 
and often occurs also at onset of.& convulsion. Secondary changes 
in the brain are certainly produced by tumour as is shown by epilepti- 
form seizures. Optic neuritis is thus supposed to be a doubly indirect 

- result of tumour. The sequence is supposed to be: tumour, changes of 
instability, effects produced by the latter on muscular-walled arteries 


406 ORIGINAL ARTICLES AND OLINICAL CASES ' 


of optic nerves and centres. Jackson considers this hypothesis, the 
vasomotor one, the most plausible. 

The sixth section deals with treatment. Optic neuritis, although,- 
secondary to tumour, becomes independent of tumour, becomes gutono- , 
mous. He supposes that if we were able to reverse all central changes 
which had led to optic neuritis the optic neuritis would remain for 
treatment. He thinks it clear that the neuritis does become autono-. 
mous because atrophy which is permanent ensues when all other signs 
of cerebral disease are gone, when this disease has become quiescent. 
The best time for treatment is early. Hence the importance of early 
recognition by the use of the ophthalmoscope. 

Jackson reported a case [29] of ocular movements produced by 
pressure on a diseased ear. He had ‘at various times written on 
Méniére’s disease and on the vertigo occurring in that condition. 
Vertigo, indeed, ‘was a symptom which always excited his interest, 
whether it was ocular or auditory in μμ. or if it were associated 
with epilepsy. 

The patient was a woman with ETE otorrheea, in Whois 
pressure on the right tragus produced movements of eyes, slow, to 
_ the left, followed by quicker movement back to the right. Objects 
appeared to move to left, i.e., with slower jerks. When she improved 
and jerks to right became slower, she was able to see objects move also 
to right. 

He supposes that pressure on , thie tragus was transmitted by the ' 
chain of bones to the contents of the semicircular canals, and changes 
in the canals were propagated through cerebrum or cerebellam—possibly 
both—to ocular muscles. The case is also important as showing 
dependence of vertigo on ear: disease. She was subject to giddiness 
and even occasional reeling. 

: His Bowman Lecture was delivered before the Ophthalmological 

Society on November 13, 1885. It is a philosophical treatise on 
Spencerian lines, but with definite practical application. Differentia- 
tion,or division of labour, he says, i8 & universal law, and the body 
‘medical is, of course, subject to this law. Specialism is therefore a 
natural outcome, but specialists have to justify their differentiation. - 
But the modern doctrine of evolution involves more than differentia- 
tion. The other factors are increasing definiteness, increasing integra- 
tion,.and increasing co-operation. The ophthalmic surgeon has justified 
himself in the factor. of definiteness by his work on ocular muscles. and 
errors of refraction; he has also justified himself in the factor of 
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‘integration. "Thus Argyll-Robertson in the pupil symptom has given. 
iio neurologists not merely a mew symptox but a means of investigation 
of several important diseases ;, and neurobgists like Westphal and Erb 
have paid back the debt by showing the diagnostic value of the knee- 
jerk. ‘The necessity of the fourth factor—co-operation—is shown, e.g., 
in such a 0889 as one of hypermetropic headaches. The neurologist: 
may be consulted for the headache, and Łe ought to be able to suspect- 
hypermetropia'as a cause. But only ta; skilled ophthalmic eee 
can estimate it precisely and correct it &ccurately. 

> The: complexity of some nervous dis=1ses is, he says, often ΠΗ 
rated. Epileptic paroxysms and their sfer-conditions are an illustra- 
tion of such complexity When its s-mptomatology is considered, 
there is shown the necessity of different, définite, wide knowledge and 
co-operative work. Ophthalmic surgeons. aural surgeons,.alienists and 
psychologists can all contribute to our knowledge of the symptomatology 
of the disease. Thus the ophthalmic surgeon may investigate the 
fandus. He may study visual aurm-—colour warnings or “ seeing faces ” ; 
the condition of the pupil will be observed. Thus in uremic convul- 
‘sions pupils may be dilated and. becoms smaller after the paroxysm- 
Vertigo also will have to be investigated >y the ophthalmic surgeon as 
well as the aural. The condition of the eyes after a paroxysm also will 
be observed. _ Beevor found they were ceviated to the side opposite 
to that to which they deviated at the sommencement of an attack. 
Another curious eye symptom in the episeptic aura will demand atten- 
tion, viz., the apparent alteration in the size and distance of objects, 
comparable with the micropsia after the -rstillation of atropine. Such 
are some of the phenomena requiring im-estigation in epilepsy at the 
hands of an ophthalmic surgeon. 

But there are other non-ophthalmodegical symptoms of epileptic. 
-paroxysms, especially of those of-organic parts. These are an important 
part of the evidence, showing that the “>rgan.of mind” (the highest 
centres) represents all parts of the body. The highest centres are the 
organs of will, memory, reason gnd.emoti»a, ‘the four elements of mind, 
ie., of consciousness. “No wonder the spileptic discharge, beginning 
in:some part'of the ‘organ of mind,’ * pucduces universal bodily effects, 
animal and organic. -Unless retinal impressions corresponding to colour 
of objects, and ocular movements corresonding to shape of objects, 
be represented in the highest centres, Ecw are we to account for the 
physical basis of visual perception. and idsation? If the organic parts 
. ‘are not represented in the highest centr2., an emotional manifestation, 
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say of fear, is unaccountable, and so, too, are the physical symptoms of 
some cases of melancnolia, the insanity of fear (anxiety, depression, 
&c., being only ‘fear spread out thin,’)” 

Much attention is given to the movements of chewing or tasting, 
swallowing, &c.,in association with slight fits, and especially associated 
with the “dreamy state." He expresses the belief that they, as well 
as another phenomenon occurmng in epileptic wa:ning—the apparent 
alteration in size or distance of external objects—are the indirect (reflex) 
results of epileptic discharges of sensory elements. He also believes 
the '' dreamy state,” “ seeing faces,” “hearing voices," and such 
elaborate mental states arise during slightly raised discharges of 
healthy nervous arrangements, i.e., arrangements untouched by the ` 
epileptic discharge. The ‘dreamy state". he regards as a very 
πο μες mental state—not an aura, although it has been called 
an “intellectual aura "—and he believes that the subjective sensations— 
" smell, taste (chewing movements, &c.), and the epigastric sensations— 
most often occur in cases of epilepsy in which there isa dreamy state, 
and depend upon lesions in the cortical area supplied by the posterior 
cerebral artery. When the warnings are of colours or sounds, the 
lesion is probably in the cortical area of the middle cerebral, and he 
enunciates his belief that the nervous changes (discharging lesion) in . 
epilepsy are not primarily but only secondarily nervous; that. in 
most cases they are secondary to embolism or thrombosis of small 
arterial- branches. : 

Attention is next directed to the ^ Miter- condition of siia 
pargxysms. Insanity may occur in at least two forms—post-epileptic 
“‘unconsciousness”’ with mania and acute dementia (coma). Physi- 
cally this is universal paralysis, and paralytic phenomena are present, 
such as transitory lateral deviation of the eyes, exaggerated knee-jerks, 
and ankle clonus. l 

For the study ọf such a complex disease: therefore, the neurologist 
-must avail himself of the work done by different specialists. “ We 
require many different kinds of definite or technical knowledge. All 
the sagacity in the world will not suffice-either for practical ends or 
for the scientific investigations of complex problems without technical 
knowledge." : 

The only method of investigating.such & complex disease is that by 
the use of hypothesis, and it is suggested that the hypothesis of evolu- 
tion should be adopted for this purpose. According to this all parts of 
the body are represented in each of three levels of evolution. 
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En. Representation increases in differentiation, definiteness, integra- 
tion and co-operation from lowes: centres to highest centres. The 
‘organ of mind’ is nothing else than a series of centres representing, . 
or what is the same thing co-ordinazing, all parts of the body ‘from nose 
to feet’ in greatest complexity. 'Tke evolutionist does not attempt the 
marvellous feat of ‘ getting the mind out of the body,’” he only tries.to 
get the physical basis of mind (highest centres) out of the rest of the 
body. 

To test this evolutionary hypothesis one should use the experiments 
which disease makes in effecting dissolution. Thus paralysis of the 
ocular muscles from affection of their nerve trunks is an example of 
disease of the lowest level. So are cphthalmoplegia externa and interna. 
Lateral deviation of the eyes occurs m lesions of the middle motor level, 
and deviation of the eyes in and after epileptic fits ıs probably the 
result of lesions in the physical beses = innumerable visual ideas and 
other mental states. 

lt is also suggested that we mzy have atrophies of cells to organic 
parts analogous to atrophies of anterior horn-cells. Thus diabetes may 
be the result of a nuclear atrophy of cells of that part of the great 
vasomotor centre which especially governs the hepatic artery. Similarly 
raves’s disease and myxoedemg msy be of similar etiology. These, of 
course, we regard as being lesions οἱ the lowest evolutionary level. But 
, these examples must be compared and contrasted with the symptoms of 
negative lesions of the highest level. After an epileptic fit the condition 
is one of nearly universal paralysis Clissolution effected). 

“Since the epileptic discharge starting in the highest level produces 
- effects in nearly all peripheral parts, currents from this primary dis- 
charge must have traversed and discharged more or less of the middle 
and lowest centres in order to get at the periphery. Hence the para- 
lytic condition after a severe fit wil be a very compound one, all orders 
of centres being somewhat affected, but in different degrees.” 

In conclusion, it 1s urged that the neurologist, by availing himself of 
_the work of ophthalmic, laryngeal, sural, &c., surgeons along the lowest 
_line of evolution, by working himself at the middle, by co-operating 
with alienists in the study of diseases of the highest level, may hope 
to justify his specialism. And tie different workers may hope to 
add different knowledge, to attain to more definite knowledge, to 
further the integration of general medical knowledge, and to lead to 
„higher and more methodical co-operation of different workers. 

In.1886 there was a discussion [30] at the O phthalmological Society. 
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on ‘Graves's ‘disease. Jackson's contribution was brief ‘bat important, 
He said that he attached much, importance to von Graefe's sign, although 
he had seen well-marked cases:of Graves:s disease in which it did not 
occur, mentioning in illustration two cases in sisters. He suggested a 
comparative study of such cases with some other family diseases: He 
mentioned that in the recent cases of Graves’s disease he had seen, . 
‘eight in number, the right lobe of the thyroid was the larger, a fact 
bearing on the question of the central pathology, as W. A. Fitzgerald 
_ had suggested, for the right vagus had, in some lower animals, more 
inhibitory influence on the heart than the left. He also expressed ‘the 
opinion that the hypothesis of a central pathology was the most 
probable, and referred to the experiments of Brown-Séquard and 
Filehne on the production of exophthalmos by injuries of the restiform' 
body. In all cases of fatal Graves’s disease the medulla oblongata and 
pons Varolii should ‘be carefully examined microscopically. He referred 
to'a case mentioned, by Warner and Bristowe in which thére was 
s ophthalmoplegia externa, and a case which he had seen contplicated . 
with asthmatic, paroxysms, and one with ‘paroxysms of right facial 
spasm. Pavy had noted the association of Graves’s disease with | 
diabetes. In the so-called complicated .cases the association ‘might 
be accidental, but they deserved investigation. He eH not remember , 
seeing Graves’s disease in’ a man. 

In his Presidential address [31] to the κους οὐ Society, ' 
Jackson says that no department of medicine had greater attrac- 
tion for him than ophthalmology. It was the first subject at which he 
specially worked after his student life, and he gratefully scknowledges— 
as he so often does in his writings—his indebtedness to the example and - 
teaching of Jonathan Hutchinson while he wes his clinical assistant at 
Moorfields. He emphasizes the benefits of the opportunities for being 
well disciplined in exact observation which an ophthalmic hospital 
affords, and the ‘effect of such discipline in teaching students to avoid 
vague and indefinite statements. 

ν΄ eines six cranial nerves and the sympathetic nerve,” he goes on 
to say, “supply the eyeball and its apparatus, it is evident that without 
a’. good knowledge of eye diseases the thorough investigation of very 
many morbid affections of the nervous system is not to be methodically 
carried out. .' . . ‘Unless the physician uses the ophthalmoscope by 
routine he will often enough overlook the best evidence—and I am 
convinced in many cases the only decisive evidence—of gross organic 
ρολο of the brain there is to'be had; and if, as is most.often the case ` 
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in a. physician’s practice, sight be good, he will not surmise that there 
is anything wrong with his patient, 8 optic nerves, and will very likely 
be incredulous when. someone who has looked at them tells him that 
there is swelling of the disk.” ‘Further, without special knowledge, 
paralysis of the superior oblique may be overlooked, and: the symptom— 
vertigo—for which the patient seeks advice may. be misinterpreted. So 
also hypermetropia as.a cause of headache may be overlooked and the 
hypermetropic disk, unless one is familiar with its appearance, may be 
regarded as a condition of optic neuritis indicating serious brain disease. 
. So that “ without a good knowledge of ophthalmology a methodical 
investigation of diseases of the nervous system is not merely difficult but 
impossible.” 

He also suggests that cases of uniocular optic neuritis with tumour 
of one hemisphere are the cases which will throw most light on the 
process by which optic neuritis results from disease in various parts 
of the encephalon. “ At present," he says, “there are only hypotheses 
as to this. process,” although he regards the hypothesis of vasomotor 
action as the "most plausible." , Various other conditions have to be 
accounted for: the epileptiform paroxysms, the sudden temporary loss 
of sight, the vomiting and slowing of the pulse, the tendency to sudden 
death, and the question is asked, Do these symptoms not dependent 
upon optic neuritis. depend upon '& similar morbid condition in other 
nerves, such as the κος cd and its centres, as suggested by 
Thomas Buzzard ? 

The integration of Sahihatnologiens knowledge may also help, by 
the. study of nystagmus, to elucidate the tremor of Graves’s disease 
‘and the various occupation spasms such as writer's cramp, and the 
work of the ophthalmic surgeon in ocular paralysis may help to the 
interpretation of inco-ordination produced by destructive lesions of 
nervous centres in animals. 

Further, 11 the study of eye conditions we are most likely to be 
‘able to trace the ascending complexity in the evolution of movement 
from ocular muscles to their representation in most complex move- 
ments in the highest motor centres, i.e., in the physical bases of visual 
. ideas. Such a study would do much towards showing that the organ 
of mind is sensorimotor, and we should then place the study of 
epilepsy proper and insanity on a realistic basis. Further, the great. 
importance of a study of ocular paralysis is insisted upon in reference 
i the question whether mental, states do or do et occur with the 

' outgoing" currents as well as with the. “ingoing ” current, and this 
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. question should interest ‘alienist ας in ophthalmological τς 
And physicians and aural surgeons especially can help ophthalmology 
by showing and investigating cases such as spasmus nutans with 
nystagmus; tetanus, as to whether ocular muscles are implicated in 
this disease; and cases of auditory vertigo, especially if’ associated with 
‘ocular movements. He concludes with a quotation from & paper by 
James Anderson [20]: “It seems to me the best and most hopeful 
feature of ophthalmology that it has relations, cleser, or more remote, 
with every ος of medicine and surgery, indeed with almést every 
branch of science.’ 

- In the introductory part of. this address I referréd to the series of 
“ Neurological Fragments" published by Dr. Jackson. The first [6] 
‘of those deals with a very interesting condition. Mendel [19], as 
'a result of a series. of experiments on animals, formulated thé hypo- 
thesis that the -oculo-facial group of muscles (frontalis, corrugator 
supercilii and orbicularis palpebrarum) is really innervated from tho 
' third nucleus, although the fibres to these muscles are distributed in 
the seventh. A case published by Tooth and Aldren Turner [3] 
lent support. to this view. In the ‘first neurological fragment Dr. 
Jackson considers the same point, and gives an account of the investi- 
gation of two cases of ocular palsy with ptosis in which weakness of 
the orbicularis could be demonstrated. He alludes to the fact men- , 
tioned by Duchenne, that the orbicularis palpebrarum really consists 
of four muscles, and to the fact mentioned by Fuchs that with regard 
to closure of the lids we have to distinguish between moderate closure, 
as in winking and sleeping, and the process of screwing the lids tightly 
together. No- doubt, Jackson says, the muscle is represented in " 
several places in the central nervous system according as it takes a 
share in different movements. He suggests that one of these places 
for the representation of the orbicularis palpebrarum is that in which 
the external ocular movements for directing the eyes for the estima- 
tion of distance are represented. Presumably the peering movements. 
of a short-sighted person, movements helping him to see better, will . 
.be represented along.with certain movements of the eyeballs, and as 
the third’ nerve is. that chiefly implicated in ocular movements the. ' 
representation of the orbicularis so far as thése movements are con- 
cerned will be most probably in the nucleus of the third' nerve. , 

In the second neurological fragment [7] he refers to the interesting 
™ glass of cases in which "with congenital ptosis elevation of ‘the eye- " 
lids can be produced by masticatory movements, but especially by 
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“lateral movements of the jaws produced by the external pterygoid 


muscles, a fact suggesting, as was pointed out by & committee which 
investigated Marcus ‘Gunn’s case of this character, that in such cases 
the levator palpebrarum is supplied both from the nucleus of the 
third nerve and also-from the external pterygoid portions of the , 


nucleus of-the fifth nerve. “It seems pretty clear," he says, “ that 


the point of emergence of a nerve trunk from the central nervous 
system is a very untrustworthy clue-to the nuclear origin of the several 


. fibres making it up." 


In the third neurological fragment [9] suggestions are made as 
to the use of cocaine for the investigation: of abnormal conditions of 
'the eyes, taking advantage especially of its characteristic, that it 
stimulates the endings of the sympathetic, dilating the pupil and 
widening the ocular aperture. He suggests, e.g., observations on the 
effect of cocaine on the Argyll-Robertson pupil and on the conditions 


' of suddenly: occurring imntobility, under all conditions, of one pupil, 


with dilatation and loss of accommodation of: the same eye, and on 


' the reaction to cocaine of the pupil at different ages. It should also 


- t- 


: be used, he'suggests, in cases of congenital ptosis, in order to ascertain, 


by its effects on Müller's muscle (stimulation of which:in the normal 
condition widens the ocular aperture), whether that is affected in those 
cases as well as the levator palpebrarum. 

The fourth neurological fragment [10] deals with the condition of 


-the pupil. and eyelids in cases of paralysis of the cervical sympathetic. 


Long ago [12], he mentions, Jonathan Hutchinson drew attention to the 
'pecuharities of ocular paralysis from lesion of the cervical sympathetic. - 
In cases of fracture dislocation of the cervical spine the pupils may be 
of equal size and may contract to light and during accommodation, yet 
if the investigation is not pushed further a very interesting sign may 
be missed. After speaking of paralysis of the “ dilating” fibres of the 
pupil in such cases, Mr. Hutchinson wrote: “ This is a very important 
and valuable symptom. It occurs only when the injury is in the 
cervical or upper dorsal region. The pupil is neither dilated nor much 
contracted. It. is simply unable to dilate. Unless carefully examined 
the myosis, being so. slight in degree, may easily be overlooked. The 
plan is to'examine the eyes in shade, and you will then find that the 


. pupils remain just.of the same size as they. were when exposed to light. 


Sometimes.one pupil: 18 more definitely contracted than the other." 
He mentions a case of a wound of the neck under the care of the late 
Mr. Marcus Beck, in which only one eye was thus affected. The pupil 
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of the affected' eye did not dilate, as did that of the other’ eye;. when the” 
` patient's back was turned to the window, nor Gid it dilate on. faradic: 
excitation of the skin, and Dr. Head found! that cocaine had no action ` 


` on the pupil or on the lids of the faulty eye. Cases of rupture of the 


brachial plexus, cases of thoracic aneurysm, cases of wounds and tumours 
of the neck, should be investigated in, reference to this point, and so also, 
should cases in which the small muscles of the hand are affected, 

‘especially cases of syringomyelia and of anterior poliomyelitis. He had 
referred in the Bowman Lecture to a case which he supposed to be 
a case of progressive muscular atrophy in which there was. affection of 
-one pupil, believed to. betoken paralysis of so-called ‘dilator fibres given: 
off by the cervical sympathetic nerve to the iris and to Müller'a' 


muscle, a case which he now, by reference to the original notes, had. .- 


little doubt was one of syringomyelia. He-had been puzzled by finding. 


"πο such pupil abnormality in undoubted. cases of the Aran-Duchenne, 


‘type ‘of progressive muscular atrophy. He suggests that: fibres ulti. 
mately passing in the cervical sympathetic to palpebro-ocular, structures 


may not go through anterior horns, and if they do: they may not:, | 


atrophy in Arari-Duchenne -progressivé muscular atrophy. The effect 
ΟΕ cocaine in such cases and in cases of anterior poliomyelitis, the 
hands, being affected, may throw light on a the exact course of the fibres 
in question. 

In a paper, the last’ which he published [11 ' On Some Abnormali- 
4ies of Ocular Movements" written in association with Leslie Paton,, 
a series of very interesting observations and experiments is described, 


‘undertaken with the view of elucidating whether “ erroneous projection ” 
which occurs in paralysis of, e.g., an éxternal rectus muscle is the result’, : 


of an increased outgoing current, as held by Bain and Wundt, or of am 
ingoing current as suggested by Müller, and’ a little later by James. 

He remarks that movements of both eyes are represented in each 
half of the brain, but the lateral movements of both eyes to one or other 
side are most specially represented. But as he had remarked [8]: 
*' Every movement called voluntary will be represented in the cerebral 


. hemispheres, and thus there must be representation in them of all ocular 


PES 


movements 8 man can effect when he tries."  ' I asked Dr. Risien 
Russell," he says, “to make researches on the matter. At my sugges- 


:tion he cut: the right external rectus. and’ the left internal rectus of 


a monkey, thus rendering movements of the’ two eyes to the right 
impossible. Upon faradie excitation of thes animal’s left cortical area, 


. ‘the eyes turned directly upwards’ or directly ο waris according to 
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the particular part of the eye area stimulated” [4]. This suggestion of 
Jackson’s has always seemed to me one of the simplest yet most 
illuminating which he ever made. , 

The basis of the experiments carfied out by Paton was the artificial 
simulation of paralysis of an external rectus muscle by an appropriate 
‘prism. So far as secondary deviation and erroneous projection 
are concerned there will be no material, difference between prism 
paralysis and, ordinary external rectus paralysis: But it is obvious that: 
as all the nervous tracts, ingoing and outgoing, remain intact, such an. 
experiment ‘can offer no support either to the outgoing or ingoing 
theory. But an interesting and almost crucial observation was made 
on a, man who had paralysis of his left third nerve, paralysis of the right 

sixth and paresis of the right third nerve, upward, downward and 
` inward movemenis being defective. The varied observations on 
erroneous projection need not be detailed, but the result of these, in 
the words of the observer, “seemed to be definitely opposed to the 
hypothesis that the false projection in the case of one eye wheré one 
of the muscles is paralysed may be due to impulses coming up from the 
muscles of the sound eye," for as soon as oné of the-paralysed muscles 
of the right eye was called into action the, patient got false projection 
in the direction of action of the. respective muscles. Such an effect in 
' this case could not be the result of afferent impulses, from the other 
‘(the left) eye, which was covered, since the left eye was always in a 
' position of left. deviation. 

It is not easy to sum up briefly the outcome ‘of Jackson's teach- 
ing in the various papers to which reference has been made. From 
the practical point of view his insistence upon the routine use of the 
ophthalmoscope i is to be noted because of the importance of its revela- 
tions in reference to. diagnosis, prognosis, and treatment, and because 
‘of the scientific bearing of its discoveries on the symptomatology of 
intracranial and other diseases. Optic neuritis, itself, he asserts, has no 
localizing value, but he says that the study of. instances of ,uniocular 
optic neuritis and the careful examination by every méans in our 
power of such cases may furnish us with a clue to the discovery of 
the réal nature of optic neuritis. It is interesting to know that at one 
time, impressed apparently by the association of speech defect with 
lesions. of certain parts-of the left hemisphere, he thought that defects 
of sight might be similarly associated with disease in a part of the right 
hemisphere [24] :— 

“J have been struck with. the πα. frequency," he says, “with 
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which I have found optic neuritis with hemiplegia on the left than 
on the right side. The .factg.I have observed go to prove that 

. disease in a certain region of the left hemispkere produces loss of . 
speech, and other facts go to show that disease in the corresponding 
part on the right does not affect speech at all. Having foünd disease 
here on the right with amaurosis several times, I have been led to pay 
much attention to this part, and I was at one time sliding into the belief 
that disease of 16 might be more likely to induce amaurosis than disease. 
of the other parts of the right hemisphere.” 

A second point which emerges from a consideration of these papers 
is the importance he attached to ocular palsies in relation to vertigo. 
The study of this connected directly both with epilepsy and locomotor 
ataxy, and also with labyrinthine disturbances, but he dwelt on its 
importance in a wider sense, viz., because the facts of ocular vertigo 
are of great value in supporting from analogy the dictum that the 
anatomical substratum of a word is a motor, an articulatory process. 

A third point which is to be noted is the remarkably high opinion 
which Jackson entertained of the educative effect of work carefully and 
energetically pursued at an ophthalmic hospital. He himself, as he 
“repeatedly acknowledges, derived the greatest help from his early work 
at Moorfields, both because of the educative effect of the experience 
and the discipline ın exact observation which it imposed. Such work, 
however, need not lead to & mere barren specialism or differentiation. 
As 8 matter of fact, it does not, for while ophthalmic studies have 
resulted in the increase in definite knowledge of eye conditions and 
diseases, they have also led to discoveries which have been a means of 
investigation of several important diseases, and they have been prodtc- ` 
tive of the co-operation of neurologists and ophthalmic surgeons in the 
‘study and treatment of different morbid conditions. Such considera- 
tions obviously embody the evolutionary idea, and have in them the 
germ of the philosophical treatises on evolution and dissolution of the 
nervous system to which I have briefly referred. 

I feel that I have not done justice to my subject. I doubt whether 
I could, if I were to elaborate it at much greater length. But I end on l 
the note on which I began, for I trust that what I have said may open 
-to some a new book, and may be to others a reintroduction to an old 
acquaintance. To me the study of these papers has been a source of 

. intense interest and of great pleasure, and I have been anew impressed 
with the marvellous powers of one who was to many of us here a 
constant stimulus, and was besides, to me, a very dear friend. 
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A 


CHAPTER I. —Inrropvotion. 


` Av a meeting of the American Neürological. Association in May, 
1907, a preliminary statement was made of my views regarding the 
general sensory system of the facial nerve and its clinical importance. 
This subject was still further elaborated in my ` presidential address to 
the New York Neurological Society in February, 1909 [18], and the 
attempt was made to outline the sensory system of the seventh cranial 
- nerve, exclusive of its taste function and muscle sensibility, and to endow , 
^» this system with a definite symptomatology similar to that of the other 
mixed ‘cranial nerves. Thus the geniculate ganglion, its posterior root, 
the pars intermedia of Wrisberg and various peripheral divisions, were 
accorded a definite place in the realm of clinical neurology, supple-, 
menting the position which this system had long occupied morpho- 
‘logically in the domain” of embryology and comparative ας (see 
fig. D.. ; 


E Amplification of æ subject presented à ihe Seventh Annual Meeting of the American | - 


Society for the Advancement of Clinical Investigation, held in Washington, May 10, 1915. 
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The sensory system ‘of’ {16 weniealate ganglion in man stands fin 
close relation to the structures of the auditory mechanism, a natural 
‘sequence of its course and distribution ‘in the lower vertebrate forms 
, Where it is the nerve of the first branchial or ear cleft. It participates 
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Fig. 1.—Dingrammatio "representation of thé facial nerve, showing the geniculate 
ganglion, its sensory root (the nerve of Wrisberg) and peripheral divisions. 
‘lst Division—Great superficial petros&l nerve passing to Meckel’s ganglion and 
' . its tympanio branch (great deep pebrosal). ' 
2nd Division—Small superficial petrosal nerve passing to the otic ganglion and 
its tympanio branch (small, deep petrosal) | , 
‘8rd Division— The motor trunk, including the chorda tympani and sensory 
fibres to the external ear? 


The sensory filaments in the motor trunk may reach the auricle ,by way of the 
auricular branch of the vagus: the posterior-aurioular nerve, by anastomoses of the temporo- 
facial with the aunculo-temporal branch of the fifth, or with the motor fibres destined for 
the minute intrinsic musoles of the external ear, 

‘The lingual ‘branch of the facial conveys mucous filaments io the anterior pillar of the' 
fauces and adjacent palatal, region. 


. inthe inneryation of the leal ear, the middle ear and its prolonga- 


tion into the mastoid cells and Eustachian tube, as well as the skin of 
the auricle. There is also evidence to show the occasional presence of 
& vestigial innervation within the buccal cavity, on the palate and in 


ʻa 
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the chorda distribution of the tongue, a remnant of the large intra-oral : 
system which exists in fishes. 
Among the more important symptoms which I referred to- this 
sensory system are :— : 
,(1) Various clinical forms of the geniculate neuralgia, viz., primary 


tic douloureux of the ear; reflex and post-herpetic otalgia; tabetic . , 


` otalgia associated with degeneration of the nerve of Wrisberg. 
(2) Auditory and mastoid pains in cases of facial palsy (Fallopian 


neuritis), and in recent cases the.occasional presence of Bypasshenin aes 


‘the region of the concha auris. 

(8) Asa sensory pathway for the direct íransmission of irritative 
stimuh to the facial nucleus, thus favouring the production of huclear 
irritability with resultant facial twitchings, myokymia or spasm. 1 

(4) Herpetic inflammations of the geniculate ganglion; & syndrome ` 
characterized by an eruption of herpes zoster on the central portions of: 
the external ear, usually associated with facial palsy and frequently with 
auditory nerve symptoms: .the acoustic disturbances when present 


'" .-. varying in intensity from glight hypo-acousis to the severer forms ot 


Méniére’s disease. 

In & later study [21] the special paito of herpetic. 
inflammations of the auditory, glosso-pharyngeal and vagal ganglia 
was also considered, and a provisional attempt was made to outline 
the various zoster zones of these ganglia both on the external ear and . 
within the buccal cavity. f 

My object in approaching this field again i is to review briefly some ΄ 
of the contributions which have been made by other observers since 
attention. was first directed to the subject; to answer certain criticisms 
which have been directed against it, and to present, the results of 
subsequent personal study and observations, more especially those 
pertaining to the cutaneous and intra-oral fields of the seventh nerve. 


OmarrER IL—AÀ Revizw or REOENT CONTRIBUTIONS TO THE 
: SENSORY FUNCTIONS oF THE FAOIAL NERVE. 


l (A) The geniculate neuralgia.—The most important of the Teen 
contributions to the symptomatology of the geniculate system is that 
by Clark and Taylor[2], in which a case of severe tic douloureux of the 
sensory system of the facial nerve was cured by intracranial section of ` 

^ its posterior root, the pars interniedia of Wrisberg. The pains were 
typically neuralgic;in' character, paroxysmal, lancinating, and very 
severe, and were localized chiefly in the depth ‘of the ear, the anterior 


! 
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wall of the external ‘meatus, and on, a small area just in front of the 
ear (otalgia). Immediate and complete relief was obtained after section 


. of the- posterior root, the so-called. physiological extirpation of the 


ganglion, ‘a method advocated by Van Gehuchten and Spiller in cases 


οἱ trigeminal neuralgia. This patient had been examined by a number 


of neurologists and all were agreed as to, the true neuralgic character 


`` of the pain, and its limitations to the zone which I had outlined for 


the geniculate otalgia. Allen Starr [42], who had examined the 
patient independently, also reached the;:same conclusions and ‘had 


- advocated surgical interference ‘similar to that which was carried out 


subsequently by Clark and Taylor. Through the courtesy of Dr. 
Clark and Dr. Taylor; I had’ several opportunities of examining this 
patient,.and in .my opinion ‘the case was one of true, geniculate 


l neuralgia. Furthermore, it is of interest to record that the patient 


had been under observation" at various times since the operation and 


‘only receritly—i.e. 4 Six years after the root section—she was seen by 


. Dr. George Crile, of Cleveland, who reported complete freedom from 


neuralgic pain in the ear. There has never at any’ time been a 


. ‘recurrence of the otalgia. One would, therefore, seem justified’ in 


, accepting a case of this character ‘and the brilliant result achieved by 


‘operation as a complete confirmation of views which I had previously 


expressed as to the sensory system “of the seventh nerve, its relation 


.' to, otalgia, thé surgical possibilities offered, and that the geniculate 


] neuralgia merits a ‘definite place in the larges clinical group of this 


affection [20 and 23]: . 
Cases of à similar nature have apparently been encountered by Wilfred 


' Harris [15] in his extensive experience "with the treatment of tri- 


x 


4 


geminal neuralgia by the method of alcohol injections. His comments 
on the subject of geniculate neuralgia are as follows: “ Excludmg those 
cases, not very uncommon, in which some neuralgia in front of the ear 
accompanies facial palsy or herpes within the auditory meatus, possibly 


. due to geniculate inflammation, I’ have encountered two patients who 


suffered from almost identical paroxysmal neuralgia, which had lasted 


for ten and eleven years respectively, and in which the paroxysms ‘of 
-pain began with the throat or posterior palatal region on one side, and 


spread into the ear and in front of the ear on to the cheek, and down 


‘the side of, the neck." The sudden onset and intensity of the pain and 


the recurrent paroxysms closely resemble chronic trigeminal neuralgia, 
but the distribution of the pain made me doubtful as to dependence 
on the. fifth nerve, and in each case no alleviation was produced by 
successful ee of the eed division’ of the fifth." 
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Charles K. Mills [30], in a critical discussion of the sensory 
functions attributed to the seventh nerve, opposes some of the views 
which I had advanced, and is not inclined to accépt Clark and Taylor's 
case 88 one of pure geniculate neuralgia. He offers the suggestion that' 
the’ pains may have been merely symptomatic and relieved by the 
decompressive effects of the operation, and not by section of the sensory 
'roo of the seventh. He would eliminate the case on these grounds 
'as confirmatory of my views. It should be remembered, however, that 
this patient was observed not by one, but by & number of experienced 
neurologists (Allen ‘Starr, Pierce Clark, Leszynsky, and Hunt), all of 
whom testify to the typical and strictly neuralgic character of the pain; 
the suggestion, therefore, that simple decompression could have affected 
a permanent cure in a case of this character—intractable tic douloureuz 
—is, to put it mildly, a forced and unlikely hypothesis. 

(B) The sensory, system of the seventh nerve and its relation to 
reflex racial twitchings and .spasms.—' That the sensory system of the 
seventh nerve may be an important pathway by which imitating stimuli 
pass to the facial nucleus was emphasized in my original discussion of 
the symptomatology of this system. In this connection the Clark and 
Taylor case of geniculate neuralgia, already cited,’ is of considerable 
interest. At the presentation of this patient to the New York Neuro- 
logical Society in May, 1910 [1], 1.6., one year after the nerve had been 
divided, I called attention to the absence of the usual facial twitchings 
and spasms on the paralysed side. The patient had had originally 
a complete facial paralysis following division of the facial nerve, the 
division including its sensory root, the pars intermedia of Wrisberg. 
After the operation there had been gradual improvement and, at the 
time of the presentation, there was a very considerable return of power 
in the left side of the face, so that the eyelid could be closed and the 
angle of the mouth drawn to one: side, and yet there was & com- 
plete absence of the contracture, with twitchings and over-action, 
which usually complicate the severer types of peripheral facial palsy. 
The absence of these motor phenomena in this case may be explained 
on the ground that the sensory root of the seventh had been divided, 
thus blocking the flow of afferent irritative stimuli to the nucleus. By 
this procedure the nucleus would be placed completely at rest as regards 
afferent stimuli through the facial system, and this may have had a 
bearing on the absence of the usual spasmodic manifestations. That 
. section of a posterior root with consequent interruption of sensory 
stimuli may affect favourably spasmodic states and over-action of the. 
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motor neurones haa been amply demonstrated by the results of ` 
Eoerster’s operation in spastic paralysis. ' ‘ 
Only recently Lasarew [29] has emphasized the concurrence 


τ of paresis in one branch with ‘contracture or over-action in one of 


the other branches of the facial in lesions which involve the nerve 
in -the, posterior fossa, especially neuro- -fibromata of the acoustic. : 


E This phenomenon of paresis associated with contracture, as well as 


facial twitchings and myokymic quiverings, I have frequently observed 
‘im’ cases. of acoustic tumour, and have thought that irritation of the 
sensory root of the facial may have been in part responsible for some 


‘of these peculiar phenomena—a theory which is more in harmony 


with such motor manifestations than would be-that of distant compres- 
sion of the nucleus through the medla, or irritation of the motor 


portion of the’ nerve., 


(O) Herpetic inflammations of the geniculate ganglion.—Since the 


„publication of my monograph in 1910 ón the ‘“ Herpetic Inflammations : 


of the Geniculate, Auditory, Glosso-pharyngeal and Vagal Ganglia " [21] 
there have been a number of contributions to this subject, among the 


` more important of which ‘may be mentioned those of Claude and 
' Schaeffer [4], Dombrowski [11], Closier [6], Dabney [8], Norman 


Sharpe [39], Dejerine, Tinel and Heuyer [10]. Cases of this affection 
have ‘also ‘been. reported by Climenko [5], Sharpe [38], Muck [32], 
Hennebert [16], Halphen [13], ,Palmer: [34], Mollison [31], Laignel- 
Lavastine [27] and Souques [41], the symptomatology corresponding 
to one or other of the various clinical forms of this affection. 

Of special interest is the case reported by Claude and Schaeffer with 


. herpes occipito-collaris, οὗ oticus, because of its severity, the -evidences 


‘of multiple ganglionic-involvement, and the large number of paralytic 
Ὃν eomphications, the ‘latter including unilateral paralysis of the intrinsic 


muscles’ of the eye, the abducens, the facial and auditory nerves. 
A case very similar in severity and extent of distribution was reported 


. many years ago by Raynaud [36]. 


. The case described by Dejoring Tinel and Heuyer is. a typical 


‘example of the geniculate syndrome, but has a special interest because 
‘of the wide extent of the anesthetic area, and the interpretation 


which it receives from these authors. In ‘addition to anssthesia in 


- the conchal region, there was also demonstrable a hypesthesia of the 


face and of the occipital region on the paralysed side, all of which was 
referred to the geniculate sensory area. This subject will receive special 
consideration in Chapter V. 
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Charles K. Mills [80] and Kidd [25] have both contributed critical 
papers in which my views regarding the sensory functions of the facial 
nerve have been challenged. Mills upholds the old traditional point of 
view, and would limit the sensory symptomatology. of this nerve to the 
special sense of taste. He does not admit the existence of herpes zoster 
oticus of geniculate origin, but would interpret the eruption in such cases 
as trigeminal or cervical herpes, or, possibly, of glosso-pharyngeal-vagal 
origin. He does, however, accept the possibility of an inflammation 
of the geniculate ganglion in herpes zoster, but this would produce, 
merely disturbances of taste and facial palsy, without herpetic eruption, 
and if this were present it would ‘Indicate an involvement of one of 
the other ganglia, viz., the fifth, ninth, tenth, or upper cervical. 

Kidd, on the other hand, admits the probable existence of a visceral 
sensory function of the seventh nerve, and confines his criticism to the 
cutaneous representation on the auricle, the existence of which in man 
he strenuously denies. The. answer to many of the objections which 
are brought forth by these writers will be found in my earlier contri- 
butions. It is, however, my purpose in this paper to consider in detail 
some of the questions which have been raised, and more especially that 
of the cutaneous zone, and to formulate more definitely some of “my 
views regarding this subject, fortified as they are by subsequent 

experience and by contributions from other workers in this field. 


" CHAPTER ΠΙ.--ΤΉΕ CUTANEOUS AND INTRA-ORAL ZONES OF THE. 


GENICULATE GANGLION OUTLINED BY THE HERPES ZOSTER. 
. METHOD. ᾿ 


In my discussion of the distribution of fibres originating in the cells 
of the geniculate ganglion, it was shown that this sensory system bears 
a very close relation to the structures of the auditory mechanism, its 
filaments passing to the internal ear, the middle ear and its prolonga- 
tions, and to the external ear. I will now consider'in detail the 
cutanéous innervation on the external ear, for, like the fifth, ninth, 
and tenth nerves, the seventh has not only an intra-oral, but a cutaneous 
representation as well. And as the geniculate sensory field has been 
the subject of some controversy, as well as misapprehension, I will 
first review briefly my own views on this question, and then proceed . 
to the more recent contributions of other writers bearing upon this 
. question. . 

In my previous studies the attempt was made to outline the 


\ 
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cutaneous zone of ‘the’ facial herve by. the "m zoster method, i.e., 
by the study and analysis of cases of pure herpes zoster oticus; in which 
the eruption was limited to small cutaneous areas on the external ear, 
corresponding in distribution .to the geniculate, ,glosso- -pharyngeal, or 


vagal ganglia. A detailed presentation of the various embryological, 


anatomical, and clinical facts which were gathered in support of this 
theory will be found in my ‘earlier publications. For the present 


` purpose it will be sufficient to quote certain of the conclusions which 


“were reached in regard to the cutaneous zone of the seventh nerve [21]. 
"In eighteen of the cases «(herpes oticus) the eruption was 
distributed in what I regard in part as the geniculate area. on, the 


P , external ear, ie., the ‘external meatus, concha, tragus, anti-tragus, anti- 
helix and fossa of the anti-helix, and the upper portion of the external 


: surface of the lobule. This representation of the geniculate on the 
external ear is corroborated by the occasional presence of hypssthesia 
in the region of the concha in cases of recent peripheral facial palsy. 


' Froni the herpes zoster evidence I: believe that we are justified in 


drawing the following conclusions. Pure herpes zoster oticus is 
dependent upon herpetic inflammation of. the geniculate, glosso- 


| pharyngeal and vagal ganglia., The ganglion of the tenth and thé 


ganglion of the ninth are represented in part on the posterior portion 
of the tympanic membrane and auditory canal, as well as on the 


' posteto-mesial surface of the auricle and adjacent mastoid region. The 


zoster, zone. of the geniculate ganglion is represented on the external 
, surface of the auricle, intercalated between the zone of the trigeminus 


in front and cervical ganglion behind. From the relation which the 


* 


facial bears to the first visceral cleft, it is very probable that the zone’ 


of the geniculate also dips into the auditory canal as far as the 
.tympanic membrane in the same manner as do the auditory strips 


. of the trigeminus and  glosso-pháryngeal vagus. As I have already 


' indicated, & considerable allowahce must be made in these zones, as 
D have outlined them for anatomical anomalies of various kinds and 


for the normal physiological variation and overlapping of sensory areas. 


Furthermore, these sensory areas are small, and, like the minute 

‘muscles of the external: ear, must be regarded as more or less 

. vestigial in character;'in other words, as; remnants of sensory zones 

-which are gradually fading Away under the es of larger and more 
important sensory systems.” 

- The cutaneous zone of the facial nerve in this study was therefore 

localized on the central portions of the auricle, viz., the concha, the 
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external meatus, tragus and anti-tragus, incisura intertragica, anti- 


. helix and fossa of the anti-helix, and the upper portion of the external 


surface of the lobule. 

- The.cutaneous zones of the glosso-pharyngeal and vagal ganglia 
were localized on the posterior portion of the tympanic membrane, the 
posterior wall of the auditory canal, together with a strip on the 
postero-mesial surface of the auricle and the adjacent mastoid region. 


In addition to their cutaneous zones, it was also shown that the glosso- , 


pharyngeal and vagal ganglia have intra-oral fields as well, the herpes. 
zoster pharyngis and the herpes zoster laryngis, respectively. For 
embryological reasons, and also because of occasional herpetic manifes- 


tations, it was thought that the geniculate was also represented within, 


the auditory canal and on the tympanic membrane, thus sharing with 
the fifth, ninth and tenth nerves inr the innervation of this region. 


In the description of these auricular zones of the seventh, ninth , 


' and tenth ganglia, especial emphasis was placed upon their vestigial 


character and variability. They were regarded as sensory remnants 
which in the course of phylogenetic development are being replaced by ` 


‘the encroachments of the trigeminal and cervical areas. _ These facts 
seem to have been overlooked by some Observers, and "notably by Kidd 
[25] in his discussion of the geniculate cutaneous area. 
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í The distribution of the eruption is indicated on the anatomical landmarks of the ear 
y T. 

Since these conclusions were reached in 1910, twenty &dditional 
cases of isolated herpes zoster oticus are available for analysis in 
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which the éruption was limited to certain ‘small areas on the external 
ear, the trigeminal and cervical zones being ‘free from eruptive mani- 
. festations. Of this number seventeen cases are to be regarded as 
© occurring within the cutaneous: geniculate zone: (See table, p. 426). 
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M d ' Fre. 8. —The cutaneous zone of the genioulate ganglion on the κιλά», outhned by 
. the herpes zoster method, i 


E All of these were νε with a peripheral facial palsy, and’ in 
^.'. nine of the cases there were atiditory disturbances as well. As will 
be seen by penne the appended table, the eruptive manifestations in 
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` this series were distributed on one or more of the topograp 
marks of the external ear (see fig. 2), previously indicated as 
to-the geniculate zone, vız., the concha and external meat 
anti-tragus, incisura intertragica, anti-helix, fossa of the anti: 
the superior portion of the lobule, the auditory canal and 
membrane (see fig. 3). I would, however, emphasize the fe 
two of the cases, in addition to the typical geniculate erupti 
area, herpetic vesicles were also present in the cleft between tl 
mesial surface of the ear and the adjacent mastoid, in a z 
corresponds to the innervation of the auricular branch of 

and which is a part of the vagal cutaneous zone; but, as the 
' distribution of the glosso-pharyngeal vagus (herpes phe 
laryngis) in these cases was free from eruption, tliese retr 





POST, SURFACE 
OF LOBULE `^ 


Fig 4.— The cutaneous strip of the geniculate ganglion on the postero mesi 
of the auricle, outlined by the hei pes zoster method. 


vesicles may be regarded_as probably belonging to the genic 
In. other words, the geniculate ganglion, in addition to ii 
the central portion of the auricle, may in certain cases 

in the innervation of a strip of skin covering the pos: 
surface of the auricle and adjacent mastoid (see figs. 

Another point of interest is that in two of the cases, in c 
with typical herpes in the geniculate area on the external 
was associated a unilateral eruption of vesicles within the ς 
on the palate just in front of the anterior pillar of the fau 
confirms the existence of & visceral remnant- of geniculate i 
‘within the buccal cavity, indicated in my previous comm 
In this relation the case reported by Frey [12] is especially i 
in which an eruption of herpes zoster was limited to the ton 
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as one is able to judge from herpetic manifestations, is small and 
variable. In certain cases only two or three small groups of vesicles 
may be present (see fig. 6). In other cases, the entire geniculate zone 
is fairly well covered, so that it is probable that the zone varies con- 
siderably in size and distribution in different individuals (see fig. 7). 





Fig. 6.—A case of herpetie inflammation of the geniculate ganglion with herpes oticus 
and facial palsy. Note the scattered groups of vesicles in the geniculate zoster zone ; on the 
concha, root of helix, anti-helix, and the postero-mesial surface of the auricle ; the trigeminal 
and cervical zones are free from eruption. 


This is but natural in an innervation which is regressing phylogeneti- 
cally, and in this respect is similar to the cutaneous zones of the ninth 
and tenth ganglia. - 

It is also significant that the geniculate zone should stand in such 
close relation. morphologically to the small subeutaneous muscles of the 
auricle, viz., the muscles of the tragus, anti-tragus, and helix, which are 
themselves regressive and vestigial. 
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i It might be suggested that the area outlined above for the geniculate 
really belongs to the glosso-pharyngeal-vagus innervation. Against 
| this view may be mentioned the freedom from mucous menmi- 
brane herpes in the intra-oral distribution of the ninth and tenth 
nerves and the absence of pharyngeal and laryngeal palsies, while a- 
very important consideration in favour of the geniculate origin is the 
great frequency of facial palsy, a complication which was present in 





Fic. 7.—A case of herpetic inflammation of the geniculate ganglion with herpos oticus 


and facial palsy. ‘The herpetic eruption is sharply limited to the geniculate zone on the 
auricle. j 


practically all of the cases, isolated herpes in the geniculate zone 
without facial palsy being very rare. It may, however, occur. It has 
been suggested by Kidd that herpetic involvement of the geniculate 
ganglion withont facial palsy could not occur, and that therefore herpes 
-zoster oticus without paralysis of the seventh nerve could not be of 
geniculate origin. While it is quite true that facial palsy does 
accompany herpetic involvement of the geniculate in nearly .all 
cases, that it may occasionally escap2 involvement must bə apparent 
to those who are familiar with the pathology and symptomatology 
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of herpes zoster. For example, in rare cases the inflammatory 
reaction in the affected ganglia may be very slight indeed, acute 
degenerative changes in the ganglion cells constituting the chief 
pathological lesion. As for clinical evidence, one has only to 
recall -the isolated involvement of certain groups of cells in the 





Ίδια, 8.—Herpetic inflammation of the geniculate ganglion with herpes oticus and facial 
palsy. The herpetic vesicles are limited to the posterior cleft between the auricle and 
mastoid, 


Gasserian ganglion, with limitation of the eruption to only one of the 
branches of the fifth nerve, to realize that the inflammatory reaction 
within the ganglion may be extremely limited in extent.. For these 
reasons, pathological and clinical, the occurrence of a herpetic 
inflammatory reaction in the geniculate ganglion with an eruption of 
herpes zoster and without paralysis of the adjacent motor nerve is not 
only possible, but probable. 


r 
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` CmaPTER IV.—' THE PERIPHERAL INNERVATION OF THE AURICULAR 
AND InTRA-ORAL ZONES OF THE GENICULATE GANGLION. 


Α΄ general outline of the auricular and intra-oral representation of 
the geniculate ganglion has been given as, derived by the herpes 
zoster method. Particular emphasis ‘was laid upon the variations in 
distribution as well as the vestigial character of this area. Attention 
was also directed to the intimate relationship and interlacement with 
neighbouring sensory zones of thé fifth, ninth, tenth ‘and upper 
' cervical ganglia. . - 

The cutaneous zone of the seventh, like the minute intrinsic muscles 
of the ear, is phylogenetically regressive, and is therefore subject in 
an unusual degree to anomalies of distribution. It is also significant 
that this cutaneous sensory remnant should correspond in distribution 
with those structures which are the outgrowth of the hyoid arch and 
the spiracle or ear cleft, which is, so to speak, the original domain of, 
the seventh nerve. , The external ear is developed from a series of 
small rounded prominences or auditory tubercles which originate in the 
mandibular and hyoid arches. The mandibular arch hes within the 
trigeminal area, while the hyoid' arch is included within. the area 
innervated by the auricular branches of the seventh, ninth, tenth and 
cervical nerves. As the seventh nerve is, properly speaking, the nerve 
of the first branchial cleft, its remnant of innervation in man represents 
. the persistence of what in the lower forms was a larger and more 
important area. ᾿ 

The exact course pursued by the cutaneous fibres passing from the 
external ear to the geniculate ganglion is as yet unknown, and further 
` experimental, anatomical and embryological investigations will be 
required’ in order to settle definitely this intricate question. I will, 
however, present my own views upon this subject, based on such facts 


', as I have.been able to gather, and while only tentative and requiring 


‘additional proof, they may be of assistance to those who approach the 
problem from another p 








probable that cutaneous 
erve and emerge with 
iat the facial at this 


fibres pass out with th 
‘the motor fibres αὐ 44 


` 


434 i ` ORIGINAL ARTIOLES AND CLINICAL OASES 


(à) Through the communications which take place between the. 
facial and the auricular branch of the vague in the lower portion of the 
Fallopian canal. i 

(b) With the posterior auricular branch of the'seventh nerve. 

(c) Through communications between the main trunk of the 
seventh nerve and the auriculo-temporal branch of the fifth; and with 
the motor filaments destined for the innervation of the minute intrinsic 
muscles of the external ear. 

(a) In “ Quain’s Anatomy” [85] the distribution of the auricular v 
branch of.the vagus is described as follows: “The auricular branch 
(nerve of Arnold) arises from the ganglion of the root (ganglion jugulare) ; 
it receives the filaments from the petrosal ganglion of the ninth; it 
then enters and traverses the substance of the temporal bone,, crosses, 
the aqueduct of Fallopius about 4 mm. from the lower end, forming 
a communication with the facial, and finally. emerges between the’ 
external auditory meatus and the mastoid process. It divides into two 
parts, one of which joins the posterior auricular innervation of the 
seventh, while the other is distributed to the skin on the back of the 
pinna and the lower back parts of the auditory. canal.t` A similar 
distribution and connexion with the .facial nerve is accorded the. 
auricular branch of the vagus in ‘‘Testut’s Anatomy.” (See fig. 9.) | 

In the déscription of the collateral branches of the seventh nerve, 
' Quain also states that “a communication with the auricular branch of 

the vagus is generally present in the form of 8 twig i the facial 
', close above the stylo-mastoid foramen." 

(b) The posterior auricular branch of the seventh nerve is given off: 
as ib emerges from the .stylo-mastoid foramen: It then passes back- 
wards and upwards to the anterior border of the mastoid process, and 
there divides into two branches—an ascending and a horizontal. 
The ascending or superior branch courses upward between the mastoid 
process and the auricle and terminates in the.superior and posterior 
auricular muscles. The horizontal or posterior branch passes back- 
wards and forwards and i the ocgipital muscle. 
Valentin [48]. has descri ts to the auricle from 
the ascending and hor erior auricular. branch -- 
of the facial nerve. RM 
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’ The selnsory system of the geniculate ganglion has the ‘following . 
symptomatology :— 

(a) Pgin and-sensory disturbances i in , facial neuritis. 

(b Neuralgic affections; primary tic douloureux, reflex , otalgia, 
herpetic And tabetic otalgia. α ` ^ 

(c) A | sensory pathway for the direct transmission of irritative 
impulses {to the facial nucleus, thus favouring the production of facial 
twitching’s and spasms. 

(d) Herpetic inflammations of the geniculate’ ganglion, a aaro ; 
im by an eruption of herpes zoster in the geniculate zone, 
usually associated with facial palsy and often with auditory symptoms. 

The cutaneous zone of the geniculate ganglion is represented on one 
or more’ of the following landmarks of the external ear (see figs. 2 
.and 3), viz., the coricha, external meatus, tragus, anti-tragus, incisura 
intertragica, anti-helix, fossa of the anti-helix, superior portion of the 
externsül surface of the lobule, within the auditory canal and on the 
tympanic membrane. There is also reason to believe phat the geni- 
culate may in certain cases participate with the ninth arid tenth ganglia 
„in the innervation of a cutaneous strip on the postero-mesial surface of 
>, the auricle and adjacent mastoid region (see fig. 4). 

In this outline of the cutaneous zone it is not to be assumed that 
this entire region is exclusively innervated bythe geniculate ganglion, 
. but merely that the geniculate zone which "15 variable in size and 
` distribution falls within this area, and fhat other sensory systems, e.g., 
‘ the’ fifth, ninth, tenth, and cervical nerves, also participate. Further- 

^moje, as the cutaneous zones of: the reventh, ninth, and tenth are 
rudimentary,«here must be considerable difference in size and relation- 
ship in individual cases, and these vari - tions in size and distribution, 
` agjwell as the overlap of neighbouring ystems, müst be considered in 
the interpretation of their respective zones. 
a ' The same is true of the intra- oral remnant of tle seventh nerve in 
1’ the chorda. distribution ánd in the region of the palat&;near the anterior 
‘pillar of the fauces, both of which are inconstant and variable (fig. 5), 
‘" The sensory disturbances following lesions of the facial nerve in' 
in the Fallopian canal have the following characteristics: The pain is 
situated in the depths of the efr and mastoid region and in the central 
portions of the external ear, sometimes extending in the direction of 
, the throat,and tonsil. When severe; irradiation may also occur in the 
trigeminal, occipital and cervical areas. In some recent cases of facial 
palsy and occasionally after geniculate inflammations, o hypesthesia in 
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the region of the concha is demonstrable. It 1s slight and! cannot be 
definitely delimited. -Rarely in seventh ‘palsies a postero-miesial strip 
on the auricle is also hypesthetic. The inconstancy anà) moderate 
degree of the sensory disturbances when present are dependent upon 
the rudimentary nature of the sensory field of the geniqulate, its 
variations in size, and its interlacement with the auricular branches 
„of neighbouring distributions. For these reasons the herpes zoster 
method furnishes the best clinical criteria of its probable ektent and 
variation. l 

It has beén suggested that an eruption occurring within what I 
have described as the geniculate zoster zone may be of ‘trigeminal, 
cervical, or glosso-pharyngeal vagal oxigin. That the occurrence of 
isolated herpes zoster. oticus in this zone should be of either trigeminal 
or cervical origin is readily excluded by the small size and ihe peculiar 
-location of the eruptive manifestations. Some of the cases are certainly 
of glosso-pharyngeal and vagal origin, and elsewhere the attempt has 
been made to isolate and separate their zones from those of geniculate 
origin. That the other cases are certainly of geniculate origin is shown 
by the almost constant association of facial palsy dus to the proximity 
of the motor fibres of the seventh to the affected ganglion. Were these 
cases of glosso-pharyngeal or vagal origin, facial palsy should not sceur 
so'constantly. One would anticipate rather pharyngeal and laryngeal ᾿ 
palsies or symptoms of vagal irritation (McKenzie [48]). Indeed it 
would be in just such lesions of the vagal ganglion that one would 
expect symptoms of pneumogastric irritatiou, e.g., coughing, singultus, 
bradycardia, nausea, and vomiting, and yet these distinctively pneuxo- 
gastric symptoms were absent in the thirty-five cases of pure herpes 
oticus which I analysed in differentiating the geniculate zone. 

As my results are based very largely on the analysis and study of 
cases by the “herpes zoster method,” they cannot be accepted as' the 
final solution of this difficult problem. Many more observations will 
be required in order to determine more accurately the extent of these 
. auricular and intra-oral zones and their relationship, as well as further 
experimental and morphological studies. 

It is, however, a beginning and may serve as a guide in future’ 
investigations. 
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BIL.TERAL LESION OF THE OCCIPITAL LOBES WITH 
RETENTION OF MACULAR AS DISTINCT FROM PANO- 
"AMICO VISION. 


CLINICAL RECORD 


BY BYROM BRAMWELL, M.D., F.R.C.P.ED., LL.D.. ΕΈ.5.. 
Consulting Physician, Royal Infirmary, Edinburgh; 
Physician, Chalmers’ Hosptial, Edinburgh. 


IIISTO-PATHOLOGICAL RECORD 


BY JOSEPH SHAW BOLTON, M.D, D.Sc, PR CP. 
Medical ο West Riding Asylum, Wokefteld: Professor of Morel D'senges. 
University of Leeds. 
AND 
: WILLIAM ROBINSON, M.B., Cr.B., Ὁ PAL LEEDS. 


Senior Assistant Medal Officer, West Riding Asylum, 1 HUS Tempo, 17} 
Lieutenant, R.A.M.C. 


CLINICAL RECORD. 


THE patient, a man, aged 45, was sent to me (B. B.) by Dr. (now Sir) 
George A. Berry in February, 1886, complaining of loss of sight. 
Dr. Berry reported that there was nothing wrong with his fundus. 
The loss of sight, which consisted of complete loss of peripheral vision 
with very marked reduction of macular vision, had come on suddenly 
with an attack of what sppeared to be urmmie convulsions in 
June, 1884. 

I diagnosed the condition as probably due to a bilateral lesion of the 
'- occipital lobes in the region of the half-vision centre. The case did not 
appear to be one of the rare cases of double homonymous hemianopsia, 
| in which a lesion of one occipital lobe (say the right) produces a 
homonymous hemianopsia on the opposite (say the left) side, and a 
second:and subsequent lesion in the other (say the left) occipital lobe 
produces a homonymous hemuianopsia on the opposite (say the right) side, 
but a simultaneous bilateral lesion in the right and left occipital lobes— 

an infinitely rare, if ποῦ a unique, condition. 
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I recorded the case in my “ Atlas of Clinical Medicine ” (vol. ;, p. 49), ' 


i .. published i in the year 1893 (seventeen years before the PUES sdeath), 
and there stated :— 


examination it is, of course, difficult to say with any degree of cetainty 


what is the position and pathological character of the lesion. Tht the, 


condition of the visual defect—complete abolition, of peripheral’ rision, 
with, comparatively speaking, good central vision both for white aad for 


colours—and the absence of any changes in the fundus oculi are, Ithink, 
strongly suggestive of a bilateral lesion of the hali-vision centre in the ` 


back part of each occipital lobe." | 

«1 watched the patient carefully until his death on October 21,1910, 
a period of twenty-four and a half years, making it worth his whle to 
see me every six months, in order: that I might keep in touch witi, his 
condition. During the whole period (twenty-four and a half yews) 
that the patient was under ny observation the condition remaired, 
practically speaking, unchanged, and there were no further cerelxal 


. developments; central (macular) vision improved slightly, peripheial 


vision remained completely obliterated. Throughout the whole coulse 
of the case there was no motor paralysis, no loss of sensation, and no 
aphasia, either sensory or motor. 


“ This is a most interesting case. In the absence of a pastabtteni- 


In April, 1905 (twenty-one years after the onset of the lesion, and , 


five years before the patient's death) Dr. A. H. H. Sinclair kindly 
examined the patient and gave me an exhaustive report on the condition 
of vision and of the fundi, and accurate charts of the fields of vision 
(figs. 3 and 4). -> 4 

The patient died of acute croupous pneumonia cn -October 21, 1910, 


aged 71. Through the kindness of Drs. George Dcnald and George M. . 


Johnston, of Leith, I was able to make a post-mortem examination. 
A large lesion was found in each occipital lobe. 
The casé seemed to me to be of so much scientific interest that 


I asked Dr. J. Shaw Bolton to undertake the microscopical examination., 


This he very kindly consented to do. 

It is worthy of note, considering the great extent of the lesion in 
both occipital lobes and the extensive severing of the connexions 
between the visuo-sensory centre and the other parts of the brani 
that there was no mind-blindness. 


The case is, as Dr. Shaw Bolton states, unique and of the en : 
. scientific value. -It was carefully studied during life and watched for a 


period of twenty-four and a half years by myself; the ocular and visual 
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condition was carefully noted by two leading authorities on ophthalnuc 
medieine—at the commencement of the case"by Dr. (now Sir) George 
A. Berry and at the end of the case by Dr. A. H. H. Sinclair ; and the 
histGlogical investigation, involving as it has done an enormous amount 
of time and labour, was carried through by the leading authority on the 
histology of the visual area and occipital lobe, Dr. J. Shaw Bolton. 
assisted by Dr. William Robinson. 

The details of the case are as follows :— 

Acute general dropsy (probably due to acute nephritis); epilepti- 
form convulsions; permanent loss of peripheral vision, the fields heing 
enormously cortr&cted; central vision both for white and for colours 
faitly good; fundi oculi normal; no mind-blindness and mo word- 
blindness. The diagnosis, made twenty-four years before death, was 
" probably a bilateral lesion in the occipital lobes" ; death at the age 
of 71, twenty-six and a half years alter the onset, from acute croupous 
Bheumonia. During these twenty-six and a half years there were no 
fresh head symptoms, and practically no change in vision, no, motor 
paralysis, no loss of sensation, no aphasia, sensory or motor. On post- 
mortem examination a large lesion was found in each occipital lobe. 
, M. M'G., a labourer, aged 45, was sent to me on February 94, 
1886, complaining of loss of sight. 

' Previous history.—The patient stated that he had enjoyed good 
‘health until June, 1884, when he had a severe illness, which seemed 
to have been acute nephritis with uremia. The attack began with 
‘ bronchitis and “stoppage of the water" (he does not know if the 
water was red or bloody), his fuce, body, and limbs swelled, and he 
lost his appetite. During the couse of the attack he suddenly los: 
his eyesight, and almost immediately afterwards had a series of epileptic 
fits. He was unconscious for fourteen days; it was three weeks before 
he could recognize voices. When he regained consciousness he was 
Quite blind; since then his eyesight (central vision) has been gradually 
restored in some degree. 

Since he recovered from the acute stage of the attack his gencral 
-health has been good; he now feels well, if ıt were not for the loss οἱ 
sight; he is, however, “at times heavy and inclined to sleep" For 
some time after he recovered from the acute attack he occasionally 
suffered from headache, but the pain was not frequent and not severe; 
for the past year there have been no headaches. He has not suffered 
from giddiness or vomiting. His face has never swelled since ho 
recovered from the acute attack. He has not had syphilis. 
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Condition on February 24, 1886.—The urine was absolutely nermal, 
, and thë Heart and other organs quite healthy ; the patient was muscular 
“and well nourished. There was no motor paralysis, no loss of sensation, 
~and no aphasia, either sensory or motor. ; .. τ 
` “Phe knee-jerks were normal ; ‘there had been no lightning pain; 
the pupils were of medium size, they contracted acèively both to | light 

and accommodation—in short, there was no puehicign of tabes. 
Central vision for White was very defective (V. = =), The peripheral 
portions of the field were so greatly eee that Pep vision 


. was nil. "n : t 2 





ΠΣ τ Aw í N > g s : f. 
Fro. 1.—Perimeter chart of the fields of vision in the case of M. M'G., deséribod in the- 
text, takon on Janüery 12, 1887. ‘(Reduced from 97 in. to 44 in.) 


. There were no ophthalmic changes—a fact confirmed by Dr. Berry. «. 
Subsequent progress of the case, (January 12, 1887).— The patient's 
general health is good, His sight is better; he says that he can see 
little objects, such as & pin on the"floor, but that he fails to-see larger . | 
. objects, and often runs up against things, tumbles over his children,' 
 &c. Central vision has improved—right eye-4& imperfectly; left 
, eye = $g imperfectly; central colour vision good. The condition of the 
fields at this date (January 12, 1887) is shown in fig. 1. $ 
March 19, 1891.—His general health is good. The urine continues 
quite normal; there have been no head symptoms—n fact, no nervous 
symptoms at all, except the affection of sight. He stated that:he sees 
objects distinctly when they are placed directly in front of him; and 
that he can see small objects, such as a pin or a small piece of white i 
paper the size of a pea on the floor. I satisfied myself that this state- 
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ment vas correct, In order to see a small object on the floor in front 
of hin he moves his head and eyes about (ranges over the area where 
he knjws the objact is) until he gets it in the line of central vision. 

Cettral vision is fairly good—much better than it was four yeazs 
ago; [: 18 ft. he correctly named with the right eye one of tle 
test fatters which ought to be read at 18 fL, and three out of five 
of th: letters which ought to be.read at 24 ft. (Right eye, V. — 34 
impe*fectly.) 

With the. left eye he could not recognize any of the letters which 
ough: to be read at 18 ft., but at this distance he correctly named 
thre: of the five letters which ought io be read at 24 ft. (Left eye 
V. = εξ imperfectly.) 

Vision was not-improved by glasses. 

Central vision for colours was perfect in each eye. 


RIGHT, 





Fug. 9.-- Perimoter chart of the folds of vision in the case of M M'G., described in tho 
text, taken on March 19, 1891, (Reduced from Ὁς in. to dẹ in.) 


He says he cannot see anything at the sides, above or below. The 
feldé of vision were again mapped out with the greatest care; the are. 
of central vision was a little, but only very little, larger than or. 
January 12, 1887 ; the improvement was most marked in the right eye 
(see fig. 2). 

The pupils contracted actively both to light and on convergence, 

There were no abnormal ophthalmoscopic appearances. 

The day on which these observations were made was particularly 


clear and bright. 
His mental condition is not very bright, and be says his memory i: 
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not good, but there is no mind-blindness and no word-blindnee, 

walks about the streets ‘witaout assistance, coming up every six tor 
by himself to the Royal Infirmary to see me. He can read large t: 
such as the prices of objects in shop windows. | 
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Fig. 8.—Perimeter chart of the left fleld of vision in the case of M. M'G., taken 
Dr. Sinclair on Ap-il 10, 1905. (Reduced from Τὰ in. to 4 in.) 


The dark interrupted hne encloses tho area over which the field oi vision normally ext 
The part of the dark shading within the dotted line shows the extent to which blindnos: 
encroeched on the field, and the ares at the contre, which is very lightly shaded, indicate 
remaining field. The remaining field. responded to a white test object 10 mm. in dier 
and seen ab 250 mm. distance (as taken with tho peruneter). The small white areas w 
the remaining fleld on tho right side of tho fixation point responded to a smaller stimulus 
a white test object 10 mm. in diameter and seen at 2,000 mm. distanze on Bjerrum's gcrex 


On May 19, 1891, the patient was adinitted to the Edinbu 
Royal Infirmary suffering from scurvy, under Professor Wyllie, - 
has kindly allowed me to see his notes. The attack had commer 
twelve days previously, aad had evidently produced mark. d (tempori 


| 
| 
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deterioration of vision and of the mental condition. The patient was 
stupid, his memory was poor, the vision very defective. He was 

discharged cured of the scorbutus on June 18, 1691. 
January 8, 1893.—There is no change in ihe general condition 

vision 18 nof, so good as it was on March 9, 1891. 


E FR. E 





πα. 4.—Peiimeter enart of the :igh field of vision in the case of M. M'G , taken by 
Dr. Sinclair on April 10, 1905. (Reducod from Τὰ in. to 4 in.) 

The dark interrupted line encloses the area over whicb the Sell of vision uo: mally evicnds. 
e part of the dark shading within the dotted ‘ine shows tho extent to which blindness had 
xronched on the field, and the arca at the cent:e, which 15 very lightly shaded, indicates tne 
asining field. The remaining field responded to a white test object 10 mm in diameter 
l seen at 250 mm. distance (as taken with ili» perimctu). The small white areas v (hin 
3 remaining field on the nght side of the fixation point responded to « smaller stimulus, t e., 
white test object 10 mm, 1n diametor and seen sf 2,000 mm. distance on BJerruin's cer τι. 


April 26, 1894.—Does not feel ες wells, thinks his sight is not so 
τοοᾶ ; 18 occasionally giddy ; a stran,s feelfhg—"“ecrt of weakness '- -- 
omes over him ai times. His memory, ho’ says, is impiured, bui hus 
‘isual memory (for places, objects, &c.) is not specially mterfered with. 
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C» He m up alone from “Leith 
———Ào-dage— 3$ ------ 2 

“April 8, 1905.—In sidus -quo. T e patient continues tomes up 

` to the Infirmary to Bee mé every six (months, as he has done regullarly.. 








sy 


— "during the past twenty years. General health good. - xA ES. 
-Dr. Sinclair kindly maede'an exhaustive exannnation, and gent iüe--—— 


z cabe fallowing uc em the -ocular condition and. vision == πι 


— Ὁ Qr. dz -R.-H. Single s-Report, April 10,1905) - ert d 

2 mro is trumecehghr-ohronib conjunctivitis present in both Syes— : 
στο. right eye, V. = ji uncertainly; left eye, V. = dg and z ΕΕ ‘partly. . ventral 
` fixation is' present, but is not μα τις ο, 
--». “~The field of vision is very greatly contracted, and more so a ihe” 

‘left bide in both eyes (see figs. 8-and 4). "The fixalion point is. proably-——. n 

encroached upc upon ol the-left side in both eyes. The slightly riger .. 

' 'extént-of the-right field corresponds to the patient's sinteient-ihrhe-— E 


= cap see “a little wider ναί] the right.” ρε πα =. 
Ies - The pupils are small-( (ΒΠππα.) react to light, , and are equal. VIT 


L— The eyes move normally. Convétgerice and: other. movements © 
üncertainly performed, because of the.failure. in-indirect vision- ---.. 


lo 


me The aphthaimospopit-esamingtion shows botl discs. to] have. asom στ, 
be more than the original μη cupping. -~ eee. 5 
Loo Fhere is a well- dàyeloped scleral ring round each disc— quite. lik ' 
| the high- -water mark. seen round the disc iir glauvtma ; though not i: 
“this case > connected with glaùcoma, it is an evidence of the "atrophi— 
process which apparently has been going on for-a-long time: 
^ ~The general fundus shows in each case. some tessellation of: the- 
- choroid. In the left eye there-arc some alight changes in the. choroid, -~ 
ο. ~ betweeri ‘the disc and thé macula. TEL x 


= 
ms 


5 The retinal arteries have & hard" silver-wire ” look, but pope i 
-the retinal- vessel ‘are normal. me l DAMES - - 


= On dina 15, 1905, the patient was admitted to the’ Edinburgh .. 
a Royal Infirmary, , under - my.caresuffering "from scurvy of a fortnight's . 
‘duration. He was discharged cured of the scorbutus on July 7, T905; ᾿ 
~ o-—. dune 2, 1910. No. change-since the last note; general ιά 
95. oci; walked. πρ. from "Leith'alone as sual - to see me to-day ;-his .-. 
memory, he says, 18 πο worse; can read large type; ; can write, but does ` E 
σε ` not write letters—his ‘sight is so Ind that the lines run into one 9 another. : 
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After the patient's death his daughter, with whom he lived, told me 
that she remembered his having one convulsiongof recent years. He 


. could, she said, read large type, and could tell the prices of objects in 


ihe shops. He only once, so far as she remembered, wrote a letter ; 


- it was very bad, for he wrote one line on the top of another. He 


never complained of his head ; his memory was good, and his mind was 
all right. He was able to find his way about quite well ` 
- :- The patient died, at the age of 71, from acute croupous pneumonia 


..0n October 21, 1910.- Through the kindness of Drs. Donald and 
: Johnston I was informed of the patient's death, and was able to get 


permission for a post-mortem examination. 





Fie. 5.—Brain in the case of M. M'G., showing the appearance of tle occipital lobo as seen 
from behind. The letter “a” points to the lesiun in the right, and the letter ‘‘b”’ to the 
lesion in the left occipital loke. A 


Post-mortem Examination. 


This was made on October 22, 1910 {twenty-six years after the 
d'ecurrence of the cerebral lesion), by Mr. W. Waldie in my presence. 

Head.—The dura mater was somewhat thickened and adherent ai 
fhe vertex. . "ES κ; 


t. BRAIN.—YOL. XXXVII. : 80 
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The e at the “base of the: brain were somewhat atheromatous 
purus dofiuite patch of “atheroma was situated in the right posterior | 


“j 


$e cerebral artery Just beyond its junction with the_cittle of “Willis, and 
another on the'left common. carotid artery--juat at its junction with the . 
.cirele of Willis. a ο πα 


fo eae 
ee The conyolutions ofthe πε ire particularly of the frontal lobes, 
_Were- sofnewhak - atrophied and sdparated by. deep-salci—apparently a 8c 


-t —^genile change. i u " os 





~-" Fie. 6.—Lateral view of the right side of the brain in the case of M. ἈΓΩ,, showiig, the __ 
πι ποσο appenrenoe of the occipital lube, to Which thé-letter a ports. 


poe 


A-large lésion was present in eüch cH 
- ficial lesion in the adjacent part of the right temporo- .sphenoidal lobe - 
.(posterior end: of the middle tempéro-sphenoidal convolution). 
----- 7 In the right occipital lobe an extensive lesion was: seen (sce figs. 5 
-and 6), a marked depression i in the middle of the lobe, and shrinking in-of-- - 
the convolutions, with discoloration, involving more particularly the upper. -- - 
and. middle convolutions ; thetower convolution at its tip and the visual 
area (cuneus and calc&rine area) appeared-te-be-normiah = ^ E 
In the left occipital-lobe there was a marked depression on the ©. 
. upper ‘surface, apparently leading into a cavity in the interior of 
the- brain (seë figs: e "and 3); 'The surrounding convolutions were " 


Pls <~plump and apparently normal. ~<-.--- ————————^ 2 o 


ara 


Se "Viewed from the side, there was marked depression at thej junctio 
“of the DEBT ocóputul lobe with a the back part of the temporo: apagada" 
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lobe (see fig. 6). A small part of the posterior end of the right middle 
temporo-sphenoidal convolution was shrunken and atrophied (the resuli 
of an old softening). 

There , ras also an area of superficial softening in the middle part of 
the midl: ‘and lower temporo-sphenoidal convolutions on the lefi side 
(see fig. V it was separated from the occipital lobe by an area of 
normal biain tissue, measuring 1 in. from before backwards. 





mig. 7.—Tatoral view of the left side of the brava in the case of M. M‘G. showing the 
appearance of the occipilal lobe, to which the lotter b points. 


After separating the cerebellum and looking at the back part or the 
base of the brain from below, there was 2 marked depression on the right 
side at the junction of the occipital and iemporo-sphenoidal lohes The 
convolutions of the occipital lobes (both right and left) on their undei 
surfaces were plump and normal. 

The brain was injected with 10 per ccnt. formalin. On November 12, 
1910, it was cut into three sections (s:e fig. 8). The lateral ventricic. 
were greatly dilated. The whole brain was: sent to Dr. Shaw Bolton 
‘for further examinasion. 

The brain lesicn consisted in exi.nswve destruction of tbe while 
[matter aud part of the cortex of the lef occipital lobe and very extensive 

Q destruction of the white and grey metier of the nght occipital lobe. 
: The lesions apparently were the result of old softenings, provubly, 
[rom the very sudden onset, embolic n origin, with great secondary 
(compensatory) dilation of the lateral ` ;ntricles 


. 
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Lungs.— Right—the upper lobe, which wa adherent Was- soli- 

dated by acute croupous pneumonia. On section, the affected area was 
found to be in a state of grey hepatization; & “most gangrenous. Left—-. 

_-congested and wdematous, but-óSicrwise normal. a ο... - 


aT 


Fia, 8 


.— Base of cerebrum showinj tho positions. ofthe transversa vertical sections E 
8, 8, and 4, 4, the front faces of which are respectively illustrated in figs. 12, 10 and. 9. 
_The-back faco of section 2, 2is shown in fig. 18. Xt, cuneus of right, hemisphorg; which,- -- 

.. Qwing to the lesion, in this position of the cerebrum coos jenes Instead-ot σα, τ 


b. 20 — 


-- f EN M la E 


RER me eS ος σσ” 
-.. Πεανέ--ΤΠϊς. show senil le κο but nouvel dos ho ocio eu 
Kidneys.—Both were rather ‘pale νὴ -atrophied, m 
not markedly abnormal. te 
Bladder —This was much ltickened and encrusted with -- 


--------- E 


—acute and chronic cystitis. . - : ο LL D—— 


D 
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Hisro-PaATHuoLOGicAL REPORT. ; 


Genera’) nakeil-eye- appearances. — The base of the brain shows 


but one ? normality, namcly, a partial rotation of the right occipital 
pole, whids_ results in the right cunens (fig. 8, R) looking downwards 
and inwards instead of inwards. This, 23 will be seen, is due to the 
lesion in the right occipital lobe. Sections (front faco) through lines 


Leit Right 





Fia. 9.—Front face of transverso vortioal section 4, 4 of thefpreceding figuro, The ryhu 
lateral ventricle looks sinaller than the left Loth in this figuie and in figs. 10 und 19. 
This is due to the larger »1z0 of the lesion on the right side with the greater conseyucat loss 
of cerebral tissue and secondary shrinkage which have resulted No actual lesion can be 
5€6r in this figure. 


al 4, and 3, 3. in fig. 8 are shown respectively on figs. 9 and 10. These 
Sections call for no special remark. ‘The lateral ventricles are dilated 
and there is some degree of lack of symmetry, but even the latter of 
these figures is anterior to the limits of the lesions. 
' The optic nerves, basal ganglia, &c., arc to the naked eye normal. 
The lesions —These are shown from behind in fig. 11. The ift 
„lesion on the stripped specimen is merely a deep fissure or scar on 
i the outer surface of ine occipital lobe, and has associated with ib a 


Lefs Righi . 





Tia. 10,—Fiont faco of ti&rave:so verticel «cction 8, 8 of fig. 8 The iemarks 19: tho 
legend to tho pieced ng figure apply cqunlly tc the present figure, 


Left Right 





Tis. 11. -Caicbiunm from beh. .d, showing the almost vertical left-sided lesion as a, 
deop scar, ard the lurge turadiate — ^r on the rghit side. Q, ugni gnedrsic lohule, P, pole: 
cf right hemisphere ; =, uppor ei: of tho indiate extromity of the loft calcarine Π-,ατο͵ : 
The floor of the extensive right-s. ed lesion ie not visible « this figure. Tt is shown in 3 
fgs. 13 and 13 respectively mits ne iral shrunken and in the stretched Str te 


SQ e.c. D 


] 
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folding. mW ds of the quadrate lobule and the cuneus to an obtuse 
angle with’ one another. -The right lesion is a much more extensive 
triradiate ‘scar extending to the pole (fig 11, PD). This scar, jn its 
natural falded-up siate, results in a <--haped projection mesially 
(fig. 11, B, of wh:ch the upper limb a';d angle.are the quadrete 
_ lobule and the lower the cuneus. ‘This préjection fits into the depres- 
sion betiycen the loft quadrate lobule ard the cuneus. The long 
posterior Ἔν of the lott calcarine fissure is marked ^u the 
figure by LES Z : 


~ Lett Right 





Big dere Front face of transverse vertical sectior 2, 2 of fig. R. This figure shows 


that the lateral branch əf tue wiradiate lesion of the ri iit side extends forwards to beyond 
the plane of the section. The numerals 1 and 3 are «spectively placed above end below 
the lesion, the shrunken floor of which is seen betwee, them. As the consequence of this 
Shrinkage the nght homisphere and the right venincl. jook smaller than the jeft hemi- 
Sphere and tho left ventricle. The first of these appearf “Ses in real the second, as the 
following figure shows, is illusory. ; 


The lateral imb of the trivadiate right- -sicled lesion extends forwards 
' for some distance beyond the line 2, 2, on fig. 8. This is indieztod 


j , by the numerals 1 and 2 on fig. 12, which represents ihe anterior 


| 


face of section 2, 2 on fig. 8, and by thé same figures on fig. 13, 
which shows the posterior face of the section 2, 2 on fig. 8. In 
the latter figure, the posterior horns of the respective right end left 





t 
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lateral ventricles are filled with cotton-wool, and thus the extensive ——— 
tloor 1, 2 of the lesion of~the—right occipital lobe is _oxppsed. The 

- -floor of this lesion, when opened ouf, occupies an are of about 
--._.4 sq. in. "This lesion, as stated, extends forwards by its lateral lib 
- -beyond ihe hne 9, 2 of fig. 8, and by its postero-infe jor limb 


_ (fig. 1, P) it αν thé^pole of the right hemisphere and nearly 





-. . Εἴα. 18.— Back face of transverse vertical section 2, 2 of LE 8. “This figure Sccn dm. 8 - - 
looxing-gluss | becomes the duplicatn of fig--12. The ventricles are filled with cotton-w&b!- 
~— The right ventricle is ‘here scen to be the larger, and between numerals 1 and 2 the floor oi^ 
the lesion, which consists solely of pis-erachuoid | and ependyma, 18 well shown. 1 is-owiugE. 
toti great loss of tissue caused by the right lesion that the nghi ouneus looks downwards 
instead of inwards when the brain stands in its natural position. (f. 8, R), and that thie - 
didit lobule projects so markedly M dpwerda (fig. 11, Q). bx ὶ 


- : Y 
: to the outer extremity of TT calcarine fissure of this side. Nowhere 
else in either hemisphere a. | wil be shown later) does the lesion com Boc 
QD. even the approzimate n: ighbourhood. of the visuo-sensory area. 
The visuo-sensor y areas ‘and thé Jissural pattern of the edlearine | - 
-- region of the occipital- lc les. —The- visuo-sensory areas of the two 
occipital lobes haye ος "carefully delimited histologically by ihe , - . 
.- -method of piecemeal. exam! iation, which, though very laborious, 15-fhe ea 
only really satisfactory one, wnd a description of these arcas Will now be L 


given. The-necessary acc; unt ‘of the fissural pattern of the néeded 
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αν. figs 14 end: 16), ané 


is RS ο (fig. 18), rey 
hich « ease no mallee i 


"us élipireled by the inferior poja ar τ solens ini 
extent of the atei, and thus re oe ite dis 
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Pic. 14.—Photograph of the left occipital Tobe from 
^ within, The various numerals are inserled as marks of 
identifiontion for corresponding regions and fissuces in 
figures 11.19. 1 lies above the stem of the calearine 
fissure : and 3 indicates its course, 4 its point of division 
^ud 5, G and 7 the portions into. which it divides. 5 reprc- 
scents the external portion which appears behind the pole 
as '—"' on fig. 11. 11 lies above the parallel cuneal 
stleus, and 14 along the line of the collateral fissare. 





Pic. 15. —Drawing of. fig. 14, enlarged two diameters. The numerals correspond with 
those of the last figure. The visuo-sensory area, in its superficial extension, is indicated by 
dots, Its normal fissura! relationship is well shown. Inferiorly it does not extend az fnr as 
the composite inferior polar sulcus 18, 19a, 10. 


4 r 
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Fro. 16,—Photograph of the left occipital lobe from 
* below and within. The numerals correspond with those 
in the last figures. 





Tio {7.—Drawing of fig. 16, enlarged twojdiameters. The visuo-sensory area 1$ beter 
seun in this drawing, and its surface extension in relation to the ealcarine stem (below), the 
collateral fissure (14), and the interior patr suleus (13, 13a, 10a, 10), is definitely shown. 
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Lesion 





Fis, 19.—Photograph of the left occipital Tobe from 
behind, below and within, The numerals correspond 
“with those of the preceding fures, The letior N is 


placed just below the inferior extremity of the lesion on 
this side. 


Lesion 





Iie, 19, 


Drawipg' of fig. 15, enlarged two 
the visuo-sonsory area, especially that behind 
auneoctant (situnted at 4) is cleerly defined 


d, AS 


smeters, "The posterior extremity of 
region of the posterior eunco-lingual 
ne rglatienship of the top of the area 
to the well-defined superior polar sulous (17, , 8). The large black area above the 
lettcr N represents the lesion on this side, ana iiu figure thus clearly indicates that the 
visuo-sensory area is intact in its entirety, 
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Ειο, 20,—Photograph of the right occipital lobe from 
within, The various numerals in figs. 20 to 25 indicate 
corresponding points iu lheve figures and thus serve a 
similar purpose to the numerals employed in the previons 
set of figures. 1 lies stove the calearine siem; nnd 2 
above the parieto-occipitz] fissure. 3, 4, 12 indicate the 
course of the calearine fissure, 5 indicates the collateral 
fissure, ond the inner ends of 14, 15 the aberrant, cuneal 
sulcus. 





Fio. 21.—Drawing of fig. 20, eularzed two diameters The numerats correspond 
with those of the figure. The vis:o-sensory area, in its superficial extension As 
indicated by dots. The word “softening” is placed over atocal lesion in the left of the 
figure. The fissuration of this side is rather aberrant, and it should he noted that 
a similar remark applies to the distribusion of the visuosensory ἄχεα, though to a much 


leas extent. 










ed, ee κα not als they 





quite * complete on (the. ‘eft s 





le. » of the "visual Ἄρην μά ἃ as on 


3 1 The córtex of the Misc; ensory area Consists of tha following layers: — 

coh. Lo Outer fibre lamina, or superficial layer. —— : 

L. IL Outer cell lamina, ov pyramidal layer. ete 
Le IH. Middle cell lamina, consisting of the following layers: L. Hia Outerjdayer —— 

ue of granules. L. IIIb. Line of Gennari or **optie"* fibre layer. Ἐν τας, 

E ' -Inner layer of granules. D 

oth IV. Tuner fibre lamina, or inner line of Baillarger. 

COL oVD Inner cell lamina, or polymorphic layer ο stu nerve- -célls, 











Fic. 22.—Photograph of the right occipital lobe from 
below and within. The numerals correspond with those 
of the last two figures. 


` 





Fic. 28.—Drawing of fig. 22, enlarged two diameters. The general distribution of 
the visuo-sensory area is better seen in this figure than in fig. 21, and it should be 
noted that the area extends forwards, as is shown by the white rings, almost to the 
line of the cross-section at the point where the word “stem” is placed. It is thus 
incidentally evident, as the fissuration shows, that 1 is in this figure placed not above 
the calcarine stem, but above a small sub-fissure considerably above, it. The word 
“softening” is again placed over a local lesion distinct from the main softening, 
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Fic, 24, —Photograph of the right occipital lobe 
from behind, below and within. The numerals 
correspond with those of the last figures. 





Fic, 25.—Drawing of fig. 24, enlarged two diameters. The word 
“ softening ’’ on the left refers to the small lesion shown in figs. 23 and 21. 
The same word on the right indicates the posterior limits of the important 
triradiate lesion already illustrated in general view in fig. 11. The hinder 
part of the visuo-sensory area is well shown in this figure (line 3, 4, 12, 11). 
Beyond 11, just at the tip of the calcarine fissure, the first indications of 
softening begin, but the visuo-sensory area is histologically recognizable 
right up to the edge of the black area of softening. 
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ight (and i in the right fields of vision as in ihe left), i in associatio 
with a smaller or less importa. n on the left side of the cortex 
This is indicated histologi H the disuse. atrophy of the vi 
sensory córtex which is everyw marked, with the actin 
the more central (calcarine) portion. .. i ir 
τ would. therefore appear that the Galain core of the” visuo- 

"sensory - area serves in some. degree | as an anatomical basis. for z 
macular as distinct from non-macular or. panoramic vision. T 
"This conclusion is supported by the fact that the lesion in the right 

emispheré reaches up to the posterior portion. of this calcarine core. 
his ‘fact at the same time incidentally explains why in the case the 
> field of Donee vision was a little: more extensive than the left. 
























n ry the simultaneous development of the πάγον ος to oe 
ad individual attention to pas neales points of the le ds 















mandar vision. 
Phe associative block caused by the lesions in this ae: 
being greater on the right side than on the | left, must thus. 
regarded as having been enough to stop the passage of the feeble 
panoramic stimuli without interfering seHoualy with the macular 4 
stronger visual stimuli. .. : 
cc. The continued. passage’ of the latter bind rend: he « onset, i 
the ealearine core of the visuo-sensory area, of the disuse _atroph 
hich elsewhere in these areas is general. : 

: Lastly, the slight maiming of the right calearine. core puer 
s responsible for the fact that the clinical visual field. of the. € 
S was rather less. extended on the left side. ~ l 

- The histological investigation of this case may thus elait not 
have explained the clinical features present during life, but to have add 
to our ‘knowledge. of the: part played by the visuo-sensory ar ea in ma 
ndi in -non-macular or panoramic vision. It may, in fact, be stated 
he anatomical basis. of the former is the cortex of the calcarine core ol 
the pear-shaped visuo-sensory area, and that the anatomical. basis 
the latter lies in the surrounding: and remaining visuo- -sensory cortex. 
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[3 9 pe πο ah ae A besüch ob "t. 
| o Ber with the auriculo-temporal branch of the fifth. Ashe facia] — 
Ke ., Dtve splits up into its terminal divisions in front of the ear, small 

~amstomotic filaments pass to the neighbouring auriculo-temporal 
ον brinch of the fifth. -Α5 “the auricular branches of this nerve pass- 








"tion, showing the anastomoses of the facial with the trigeminal, and the auricular 


E: T Fic. 9.—From Testut, '* Anatomie humaine," 1905, vol iii, A sehematic representa- | 
E brauches of ‘the glosso-pharyngeal and pneumogastric nerves, 


- 5: E the skin of the tragus, superior portion of the helix, and the ik 
i "portion of the auditory canal: and tympanum, it would be possible for 
E Sensory fibres of geniculate origin to reach the external surface of the j 


τα. pd 






nr by this route. Some sensory fibres may also course with the 


“motor filaments of facial origin which Supply the minute subcutaneous | 
muscles of the auricle. 
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on the anterior. pillar of the fauces and the a region of the soft 
palate. / The herpes was accompanied by facial palsy and acoustic nerve 
symptoms, An almost identical case is reporjed by Closier, the 
herpeti¢ eruption on the ear appearing on the concha, tragus, external 
meatus’ and the posterior wall of the canal, but|in addition herpetic 
vesicles were also present on the soft palate. This case, like the pre- 
ceding, wag associated with facial palsy and auditory symptoms. It is, 
therefore, probable that the geniculate retains in some cases a remnant 
ot its’ former sensory function within the- τ cavity, in the area 
of di&tribution of the chorda tympani and in the region of the soft 
palate, It willbe recalled that many years ago Bernhardt pointed out 
the rare occurrence of-hypmsthesia in the chorda distribution in cases of 
lH facia] palsy, an observation which was subsequently confirmed by Harvey 
Cushing [7] in his studies of the trigeminal zone; these observations 
confirming by another method and in a different group of cases the 
conclusions which I had reached in ων to the intra- oral visceral 
remnant of the seventh nerve. 

; In explanation’ ofthe palatal herpes and its μας relation to the 
geniculate ganglion there-would seem to be some anatomical basis in the 
fact that the linguel:branch of the seventh, which innervates the stylo- 
Blossus and palato-glossus mascles at the base of phe tongue; ulso sends 

Mucous filaments to the anterior pillar of the tj and adjacent region. 

And, while it is true that this lingual branch has|an anastomosis with 
the glos&o- pharyngeal, there is no reason to assuthe that these mucous 
filaments are not & part οἱ the sensory facial system and originating 
in cells of the gericulate ganglion. It is also jpossible that sensory 
fibresyof geniculate origin pass to the oral cavity d way of the petrosal 
nerves and their connexions with the trigeminus. 

The geniculate ganglion, therefore, in addition to its taste function, 
has a variable and vestigial intra-oral sensory representation, as have 
the glosso-pharyngeal and vagus nerves; and all three of these 
branchial nerves, the seventh, ninth and tenth} are represented both 
' within the mouth cavity and on the external ear. 

à BEARING ON THE 





CHAPTER V.—COMPARATIVE ANATOMY AND 
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CUTANEOUS ZONE oF THE Faciati NERVE. 





Of great importance in the final elucidationlof this problem of the 
cutaneous innervation of the facial nervo will be the work of the 
comparative anatomist. A large literature already exists on the subject 
of thé-comparative morphology of the cranial nefves, and the separation 
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and description of their various nerve components by the aue) arative 
--method. One of-the fruits of such investigations has been the 
__ demonstration in man.of-the nervus- terminalis, which h Y been 
~ traced successively through many of the lower-forms. -(Johnsto [24]).-- 
_ Even as low in the verbetrate scale as fishes, the. qtervus “terminalis ` ] 
is vestigial. I mention this_ instance. “of the curious persisteQce of 


--- &iüdimentary cranial nerve in man as bearing t upon the subject tunder - 


discussion. It is my belief that the cutaneous 66m ponent of ‘the gdyenth' 


nerve may also be traced -upward through “the vertebrate sca by 


“investigation in the field of comparative- neurology. At- the pr sent . 
time the tendency has been to deny the ‘existence “of a cutan ous, 
component of the seventh nerve in forms above the c ylostomes, notwith- 
standing the fact that cutaneous fibres are found in the seventh nerve of ` 
selachians, teleosts and amphibians, but are usually supposed to origin? abe . 


~ from the neighbouring sensory systems of the fifth and tenth nerves: 


One reason for this point of view, I believe, is the traditional anatomical 
conception that the external ear is innervated by the trigeminus 
anteriorly, the cervical nerves posteriorly, . with æ Small infervenihg ^ 
field of the glosso-pharyngeal and vagus, so that it was very easy and- 


natural to regard the few cutaneous fibres in the seventh fiervé $6 p 


‘accessions froni the trigeminal or vagal systems. Already, OVE D 
there are indicatiohs Of a ‘change from this point of view. ` 

In a recent study of “The Cranial Nerves of Sirer Lacertina,” ` 
_H. W. Norris [88], in the chapter: entitled ‘‘ The General Cutaneous f 
“Component of the Facial Nerve," writes as follows: “The presence. _ 
of géneral cutaneous fibres in the seventh nerve of amphibians has been | 
commonly: recognized, but no distinct route of the facialis entering the 
spinal fifth tract has been found. It is generally assumed by students. 
of nerve components that any and. all ‘auch fibres found their way into. 
.the seventh nerve from the tenth nerve through the ramus communicans 
‘cum facialis. To the writer’s knowledge πο -οπθ has found general ` 
‘cutaneous fibres in the root of the facial nerve. Any suggestion 
therefore of the occurrence of such.fibres challenges contradiction 
and-calls for a most critical examination of the so-called evidence.” 


Norris then proceeds to describe such a cutaneous component in: ^ 


siren, and his conclusions:are as follows: ‘‘ The apparent occurrencé - 
of the general cutaneous constituent, in the facial nerve roots also 
` suggests that it is possibly more generally present in other wrodela, . 


^ but because of its minuteness- and close association with other. l 


components has hitherto escaped unnoticed. Iss presence is best 
sop RE | εν ο... ae 


“= 


X 


| 
explained Ίου thé ground of a persistence of a funétion and at one 
time more fully developed characteristic of the facial nerve.” 

. Judson Herrick [17],:n a study of the medulla! oblongata of larval 
amblystotna, in a chapter describing '' General Cutaneous Roots of the 
Fifth, Seventh and Ninth Nerves,” says: “ In a number of longitudinal 
sections /by the methods of Cajal and Golgi I hae seen evidence of _ 
a few fibres from the seventh root complex entering the spinal fifth 
root. In one Golgi impregnation such a fibre is jclearly defined for 
a long distance. This fibre bifurcates into ascending and descending 
branches, both of which enter the spinal fifth toot. These fibres 
probably represent the general cutaneous component of the facialis 
described by Norris in siren, though I have not succeeded in following 
them peripherally, or recognizing their ganglion, end my observations 
are sọ few as to require further control.” . i 

Kingsbury [26], as far back as 1897, demorstrated the central 
connexions of the cutaneous component of the seventh nerve in ganoid 
fishes, and it 1s not unlikely that in the near future more anatomical 
evidence of this nature will be forthcoming, and will confirn the results 
obtained in man by purely clinical methods of my 
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Conchal hypesthesia.— The disturbances of: sensibility in the 
geniculate zone after lesions of the facial nerves arejslight and compara- 
Lively insignificant, kecause of the small area involved, its rudimentary 
character, and the overlap from the neighbouring systems of the fifth, 
nmth and tenth, and upper cervical ganglia. It is also probable from 
the herpetic manifestations that anomalies and variations in size of the 
geniculate area are not uncommon. In my earlier, contributions to the 
sensory system of the seventh nerve, attention was called to an areca 
of hypesthesia in the concha of the ear which was sometimes demon- 
sirable in recent cases of facial paralysis. As was|stated at that time, 
.'' this disturbance of the sensibility in the conchal region never reached 
the degree of anmwsthesia. The. tactile sense was merely diminished 
or obtunded in this area, and care was required to demoustrate its 
presence.” Since that time I have repeatedly demonstrated the 
existence of this small area of conchal hypesthesia in recent cases 
of facial neuritis, and occasionally after herpetic ‘inflammations of the 
geniculate ganglion. ‘This area of hypeathesia, however, is not 
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permanent and disappears early, and cannot be sharply outlyned, ag in 
trigeminal anesthesia; nor, indeed, Was this to be anticipated, con- 
sidering the small size of the sree involved, and its interlacemient with 
"m adjoining sensory y Zones. nc ον 
Kidd in his remarks on the cutaneous zone of the nd nerve 
. makés this statement: ^ As a matter of fact, if there were any facialis 
cutaneous fibres in man, we should find in every case of τομ, 88 
complete a cutaneous anesthesia of the alleged auricular zoüe| as any 
clinicians have found on the trigeminal cutaneous area after a complete , 
Gasserianectomy.” But this surely is not necessary, nor even probable, 
and had Kidd been familiar with my later work on the zoster! zones 
of the geniculate, glosso-pharyngeal and vagal ganglia [21], which is 
not mentioned in his article, this statement might have been congider- 
ably modified. : [ 

Of special interest from its bearing on the sensory’ πες 
of the external ear is the case of geniculate otalgia reported by Clark 
and Taylor [2], in which a cure was effected by section of the nerve 

- of Wrisberg. Kidd, who has utilized this casein his discussion of 
the cutaneous zone of. the seventh nerve, approaches this part ο his 
criticism as follows: “And yet, amidst all the well-deserved rejoicings 
that followed-the recitul-of this case on this New York joy-day, in which 
Ramsay Hunt took part, actually no speaker asked the question as) to 
what was the post-operative state of cutaneous sensibility on the ἌΠΟ ' 
and there 1s even no mention as to whether it was ever tested |’ Here 
again, Kidd indulges in a vather rash statement which 1s based on 
an incomplete knowledge of the hterature of the subject which he is 
discussing. The occasion to which he refers was a later presentation 
of the patient to the New York Neurological Society, November, 9, 
1909 (Clark and Taylor.[1]), and which was some months after the 
original presentation to the American Neurological Association in May, 
1909. The case was reported in full in the Journal of the American, 
Medical Association, December 25, 1909 (Clark and Taylor [2]), in 
which the following description of the sensory examination was given: 
“Al sensory examination of the face and external ear proved negative 
three days after operation. The former area of pain seemed to the 
patient to be a little less sensitive in the test." So that in this case, 
while there was no well-defined sensory disturbance, there was a 
lessened sensibility in the auricular area which had been the seat -of 
pain and which harmonizes with the slight disturbances of sensibility κ 
demonstrable after other lesions (seventh palsy and ganglion inflam-.” 
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auricular strip (see fig. 4). 
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j mations) aud is in cas si the. κος and variable character 


of the geniculate zone. ` E i 
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Hypæsthesia on the postero-mesial surface of the auricle and adjacent 
mastovd.—It is occasionally possible to demonstrate ih conjunction. with 
conchal Bypeesthesia. a diminution of sensibility on ‘fhe postero-mesial 
surface of' the auricle and adjacent mastoid region jn cases of recent 
facial palsy. This'area corresponds to the- auricular, distribution of the 
vagus and that of the ascending filament of the- posterior auricular 


branch of. the seventh nerve, whith, according toj Valentin, carries 


με. to this region: ^A hypesthesia in this region may 


be causec either by involvement of the sensory filaments of the seventh 
nerve, or of the auricular branch of the vagus as it crosses the facial at 
the lower, end of the Fallopian aqueduct. i 

As has already been stated, this area.is sometimes the seat of herpes 
in cases of geniculate inflammation, and it is probable that the seventh 
and tenth-ganglia both have rudimentary moana in this post- 





Sensory. disturbances of ` the face and neck in cases of geniculate 
ganglion inflammation.—In the interpretation of sensory disturbances 


“in the. igeniculate zone in cases of herpetic inflammations, it should not 


be forgotten that in some cases there is an associated hypesthesia and 
hypalgesia i in the trigeminal distribution and occasionally in the cervical 
zones ñs well. This I have regarded as évidence of a mild inflammatory 
reaction ih neighbouring ganglia, and has been fully discussed in‘ an 





"earlier. paper in the chapter, < “Multiple, Involvement of Ganglia in 


Zona,” [22].-.-Such hypiesthesias are often accompanied by darting 
pains, loss of the corneal reflex, and groups ‘of aberrant zoster vesicles, 


‘all of which are additional indications of ganglionic involvement. It is 


alsó well to recall that in cases of facial palsy there is| not infrequently 
8 diminution in, the sensibility of the face om the paralysed side which 
bas been variously interpreted: as of hysterical or psychogenic origin, 
as a functional derangement of the ganglion of the filth nerve induced 
by, motor insufficiency of the paralysed face; as the result of hypotonia 
of; the cutaneous muscles with consecutive feebleness of the dermal 


i papille ; as a neuritis of peripheral sensory fibres passing from the 


tmigeminus tó the facial muscles. It should, however, be emphasized 
that whatever the underlying . cause, psychogenic, {physiological, or 
neuritic, of this mild hypmethetic disturbance, it should not be identified 


Ih any way with the ‘geniculate area. - 


| Intra-or at sensory disturbances of. geniculate origi have as ; yet not 


|. 
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_—béen demonstiatéd, except: for the rare  Occurrence οἱ bypsesthesia in -7 
l4 the chorda distribution of-the tongue, as was shown by Bernhardt in — 
7 ___-~.cases* of recent facial palsy._ This observation has ‘been confirmed: by-: 

many since Bernhardt first drew attention to it, and "all agree that it. is 
--.., slight and very inconstant, . UR See T 


~ ^ Tt is probable that routine: -exàminations will show 8 similar incon- 
^ stant hypesthesia on the palate near the faucial: see, but ‘thus. far I | 
have not éneountered if ; (sec fig. bje jr TEL less 
— n "On two occasions the] passage of a-sonnd into the Eustachian tube | 
Pe was less sensitive on | the- side - of jan inflammation ofthe. ficulate κ 
—<: ganglion with: facial ~paralysis. ‘This occurrence I :was- intlined to 
. explain by the "participation of the|sensory system of the geniculate i in^ 
the innervation of the “tympanic cavity “and “its” prolongatipns;~thé 3 


' Eustachian tube-and mastoid cells. ] f EEE 





- .. CHARTERS VII. —RzoAPyTULATION AND Coxcrupma REMARKS. 


` The. facial nerve is, therefore, to be. Radd as a`mixed ‘oranal « i 
- nerve, homologous with the trigeminal, glosso-pharyngeal, a: and i vàgal- wet 
systems... Τὰ common with these, the facial possesses .a, definite gr ‘group : 
of ‘symptoms and syndromes directly sas a uen involvement of ; 
its sensory system.  . = arene 
In the lower -forms of life the sensory { facial equals, and may ‘even 
exceed in importance, the motor functions. In man, however; the 
conditions are reversed—the motor.funetion is predominant; and its 
- sensory system has retreated before the advance vf: the trigeminus in 
'..— -front and the cervical areas ‘posteriorly. . Murs gm 
In comparative anatomy the facial is the nerve of the first branchial 
or ear cleft; and evidences of this ancient phylogenetic relaticaship, is 
still present in man,.in the ‘cutaneous remnant which persists on thie 
external- ear as well as. its relations to the other structures of’ the . 
“~~. auditory mechanism Which take their origin from the region of the | 
spitacle or.first visceral cleft. 
That portion of the facial sensory syétem which still persists in 
man is concerned in the innervation of the internal ear, the middle ear, 
n and its'prolongations into the Eustachian tube and ‘mastoid cells, and 
the skin on certain portions of the external ear. There is also evidence 
that a vestigial remnant occasionally’ participates in the innervation of 
^. 8 strip. on the postero-mesiàl Bürface of the auricle and within the 
“buccal cavity in the chorda tynipani distribution, and on the palate: 
near un anterior pillar of the fauces. f | 
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